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➨1❶ ⥴ㄽ 
 
 
 
1.1 ࡣࡌࡵ࡟ 
ᮏㄽᩥ࡛ࡣࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄไᚚ᪉ἲ࡜ࡑࡢຠᯝ࡞ࡽࡧ࡟⡆౽࡞⢏Ꮚᚄ 
ᐃἲ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋ 
ୡ⏺ࡢேཱྀࡀቑຍࡢ୍㏵ࢆࡓ࡝ࡿ୰ࠊᑗ᮶ࡢ㣗ᩱ⏕⏘ᛶࡢྥୖ࡟ᑐࡋ࡚㎰⸆ࡢᯝࡓࡍ
ᙺ๭ࡣ኱ࡁࡃࠊ᪂つ࡛ࡼࡾ௜ຍ౯್ࡢ㧗࠸㎰⸆ࡢ㛤Ⓨࡀᮃࡲࢀ࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽ᪂
つ㎰⸆᭷ຠᡂศࡢ㛤Ⓨࡢ㞴᫆ᗘࡣ㧗ࡃࠊ᪂つ᭷ຠᡂศࡀୖᕷࡉࢀࡿ☜⋡ࡣ㠀ᖖ࡟పࡃ࡞
ࡗ࡚࠸ࡿࠋࡑࡢ୰࡛ࠊ᪤Ꮡࡢ᭷ຠᡂศࢆ⏝࠸࡚ࡑࡢ౯್ࢆ᭱኱໬ࡉࡏࡿ㎰⸆〇๣ᢏ⾡࡟
ᑐࡍࡿᮇᚅࡀ㧗ࡲࡗ࡚࠸ࡿࠋ 
ᮏ◊✲࡛ࡣࠊ㎰⸆〇๣ᢏ⾡ࡢ୍✀࡛࠶ࡿ⢏Ꮚᚄไᚚᢏ⾡࡟╔┠ࡋࡓࠋ≉࡟㎰ᴗ⏝ẅ⳦
๣࣌ࣥࢳ࢜ࣆࣛࢻࡢỈᛶᠱ⃮ࢰࣝ〇๣ࡢ⢏Ꮚᚄไᚚ࡟ࡘ࠸᳨࡚ウࢆ⾜࠸ࠊ⢏Ꮚᚄศᕸ࡜
⸆ຠࡢ┦㛵ࢆ᫂ࡽ࠿࡜ࡋࡓࠋࡲࡓࠊᾮయࢧ࢖ࢡࣟࣥࡢศ㞳ᛶ⬟ࢆྥୖࡋࠊ‵ᘧศ⣭ᕤ⛬ࢆ
⤌ࡳ㎸ࡴࡇ࡜࡟ࡼࡿỈᛶᠱ⃮ࢰࣝࡢ⏕⏘ᛶࡢྥୖࢆ᳨ウࡋࡓࠋࡉࡽ࡟ࠊ≀⌮ⓗព⩏ࡀ᫂
ࡽ࠿࡞ỿ㝆ἲࢆ⏝࠸ࡓࡼࡾ⡆౽࡞⢏Ꮚᚄ ᐃἲࢆ㛤Ⓨࡋࠊ㎰⸆〇๣ࡢ⢏Ꮚᚄ ᐃࡸ≀ᛶ
 ᐃ࡬ࡢᛂ⏝ࢆヨࡳࡓࠋ⥲ࡌ࡚ࠊ௒ᚋࡢᶵ⬟ⓗ࡞㎰⸆Ỉᛶᠱ⃮ࢰࣝ㛤Ⓨ࡟㈉⊩ࡍࡿࡇ࡜
ࢆ┠ⓗ࡜ࡋࡓࠋ 
ᮏ❶࡛ࡣࠊ◊✲ࡢ⫼ᬒࠊ఩⨨࡙ࡅࠊ┠ⓗ࡞ࡽࡧ࡟ㄽᩥࡢᵓᡂ࡟ࡘ࠸࡚♧ࡋࡓࠋ 
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1.2 ◊✲ࡢ⫼ᬒ 
 
1.2.1 ㎰⸆ࡢᯝࡓࡍᙺ๭ 
㎰⸆࡜ࡣࠊ㎰స≀ࢆᐖ⹸ࠊ⑓Ẽࠊ㞧ⲡ࡞࡝᭷ᐖ⏕≀࠿ࡽᏲࡿࡓࡵ࡟౑ࢃࢀࡿ⸆๣ࡢ⥲⛠
࡛࠶ࡿࠋ᪥ᮏ࡟࠾࠸࡚ࠕ㎰⸆ࠖࡣ㎰⸆ྲྀ⥾ἲ࡛ᐃ⩏ࡉࢀ࡚࠾ࡾࠊࠕ㎰స≀ࡢ⑓ᐖ⹸ࡢ㜵㝖
࡟⏝࠸ࡿẅ⳦๣ࠊẅ⹸๣ࡑࡢ௚ࡢ⸆๣ࠊ㎰స≀ࡢ⏕⌮ᶵ⬟ࡢቑ㐍ཪࡣᢚไ࡟⏝࠸ࡿᡂ㛗
ಁ㐍๣ࠊⓎⱆᢚไ๣ࡑࡢ௚ࡢ⸆๣ࠖ࡜ࡉࢀ࡚࠸ࡿࠋࡲࡓࠊࡑࡢ௚ࡢ⸆๣࡜ࡋ࡚㝖ⲡ๣ࠊㄏ
ᘬ๣ࠊᚷ㑊๣࠾ࡼࡧᒎ╔๣࡞࡝ࡶ㎰⸆࡟ྵࡲࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊ⸆๣࡛࡞ࡃ࡜ࡶࠊస≀ಖ
ㆤࡢࡓࡵ࡟฼⏝ࡉࢀࡿኳᩛ⏕≀࡞࡝ࡶ㎰⸆࡟ヱᙜࡍࡿ 1)ࠋࡍ࡞ࢃࡕ㎰⸆࡜ࡣࠊࠕ㎰⸆≀ࡢ
ಖㆤ࡜ᡂ㛗ࡢㄪᩚࡢ┠ⓗ࡛౑⏝ࡉࢀࡿ࠶ࡽࡺࡿ㈨ᮦࡢ⥲⛠ࠖ࡜ゝ࠼ࡿࠋ 
Fig.1-1 ࡟ୡ⏺ேཱྀⓑ᭩ 2018 ࢆᇶ࡟ୡ⏺ேཱྀࡢᖺḟ᥎⛣࡜௒ᚋࡢண ࢆ♧ࡋࡓᅗࢆ♧
ࡍࠋ2017ᖺ 6᭶ 21᪥࡟ᅜ㐃ࡀⓎ⾲ࡋࡓࠕୡ⏺ேཱྀண  2017ᖺᨵᐃ∧ࠖ࡟ࡼࡿ࡜ࠊẖᖺ
⣙ 8300 ୓ேࡢேཱྀቑ࡟ࡼࡾࠊ2017 ᖺ࡟ 76 ൨ே࡜࡞ࡗ࡚࠾ࡾ 10 ᖺ๓ࡢண ࡜࠾ࡾ࡟ே
ཱྀࡀቑຍࡋ࡚࠸ࡿࠋࡇࡢࡲࡲቑຍࡀ㐍ࡴ࡜ୡ⏺ேཱྀࡣࠊ2030 ᖺࡲ࡛࡟ 86 ൨ேࠊ2050 ᖺ
࡟ 98 ൨ேࠊࡑࡋ࡚ 2100 ᖺ࡟ࡣ 112 ൨ே࡟㐩ࡍࡿࡇ࡜࡟࡞ࡿࠋᅜ㐃㣗⣊㎰ᴗᶵ㛵㸦Food 
and Agriculture Organizationࠊ௨ୗ FAO㸧ࡢண ࡟ࡼࡿ࡜ࠊࡇࡢேཱྀቑຍ࡟ࡼࡾ⏕ࡌࡿ㣗ᩱ
ࡢ㟂せቑ࡟ᑐᛂࡍࡿࡓࡵ࡟ࡣࠊ2050 ᖺࡢ㎰ᴗ⏕⏘ࢆ 2006 ᖺࡢỈ‽ࡼࡾ 60%௨ୖቑຍࡉ
ࡏࡿᚲせࡀ࠶ࡿ࡜ヨ⟬ࡉࢀ࡚࠸ࡿࠋ 
 
 
Fig.1-1 Annual trend and future prediction of world population 
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Fig.1-2࡟ 1986ᖺ࠿ࡽ 2007ᖺ࡟࠿ࡅ࡚ࡢୡ⏺ࡢ✐≀⏕⏘㔞ࡢᖺḟᡂ㛗ࡢ᥎⛣ࢆ♧ࡍ 2) ࠋ
➨஧ḟୡ⏺኱ᡓ๓ᚋ࡜ࡣ␗࡞ࡾࠊ✐≀⏕⏘㔞ࡢᡂ㛗⋡ࡣᖺࢆ㏣࠺ࡈ࡜࡟㕌໬ࡋ࡚࠾ࡾࠊ
ࡲࡓ⪔ᆅ㠃✚࡟㛵ࡋ࡚ࡣ 1995ᖺ௨㝆࡯࡜ࢇ࡝ቑຍࡋ࡚࠸࡞࠸ࡇ࡜ࡀศ࠿ࡿࠋࡇࢀࡣࠊ௒
᪥࡟⮳ࡿࡲ࡛࡟㎰⪔ᆅ࡟㐺ࡋࡓ኱㒊ศࡢᅵᆅࡣ㛤ᣅࡉࢀ࡚࠸ࡿࡓࡵࠊ⌧ᅾṧࡉࢀࡓ᪂ࡋ
࠸ᅵᆅࡣ㎰⪔࡟㐺ࡋ࡚࠸࡞࠸᮲௳ࡢᝏ࠸࡜ࡇࢁࡀ࡯࡜ࢇ࡝࡛࠶ࡿࡇ࡜ࡀཎᅉ࡛࠶ࡿࠋࡇ
ࡢࡼ࠺࡞㎰⪔࡟㐺ࡋ࡚࠸࡞࠸ᅵᆅࡢᨵⰋ࡟ࡣ⭾኱࡞㈝⏝ࠊປຊ࠾ࡼࡧ᫬㛫ࡀᚲせ࡛࠶ࡿ
ࡓࡵ㎰ᆅࡢᣑ኱ࡣᅔ㞴ࢆᴟࡵࡿ࡜ண᝿ࡉࢀࡿࠋࡲࡓࠊ⏕ែ⣔ࡢಖ඲࡜࠸࠺ほⅬ࠿ࡽࡶ⪔
ᆅ㠃✚ࢆࡴࡸࡳ࡟ቑࡸࡍࡇ࡜ࡣᮃࡲࡋ࠸ࡇ࡜࡛ࡣ࡞࠸ࠋࡍ࡞ࢃࡕࠊ㣗ᩱቑ⏘ࡢࡓࡵ࡟ࡣࠊ
⌧Ꮡࡍࡿ㎰⪔ᆅ⣙ 15൨ ha(඲㝣ᆅ㠃✚ࡢ 11%)ࡢ࡞࠿࡛ࠊ཰✭㔞ࢆᘬࡁୖࡆࡿ௨እ࡟᪉ἲ
ࡀ࡞࠸ࡇ࡜࡟࡞ࡿࠋ⌧ᅾ࡛ࡶୡ⏺ࡢ㎰స≀ࡢ 29㹼51%ࡀࠊ⏕⫱ࠊ཰✭ཬࡧ㈓ⶶࡢẁ㝵࡛
ኻࢃࢀ࡚࠸ࡿ࡜ゝࢃࢀ࡚࠾ࡾ 3)ࠊ㣗⣊ࡢ㟂⤥⋡ࢆྥୖࡍࡿࡓࡵࠊ⑓ᐖ⹸ࡸ㞧ⲡ࡟ࡼࡿ⏕⫱
୰ࡢࣟࢫࢆ㜵ࡄ┠ⓗ࡛ࠊ㎰⸆࡞࡝ࡢస≀ಖㆤ࡟㈨ࡍࡿ㈨ᮦࢆ⏝࠸ࡿࡇ࡜ࡣࡲࡍࡲࡍ㔜せ
࡞ᡭẁ࡟࡞ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1-2 Annual growth rates (percent) of world cereal production and yields 
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Fig.1-3ࡣ㎰⸆ࢆ౑⏝ࡋ࡞࠸ሙྜࡢస≀ࡢῶ཰⋡ࡢ୍౛ࢆ♧ࡋ࡚࠸ࡿࠋỈ✄࡛ࡣ 3๭⛬
ᗘࡢῶ཰࡛࠶ࡿࡀࠊ࢟ࣕ࣋ࢶࡸࡁࡹ࠺ࡾ࡞࡝ࡢ㔝࡛⳯ࡣ⣙༙ᩘࡀࠊࡾࢇࡈࡸࡶࡶ࡞࡝ࡢ
ᯝᶞ࡛ࡣ኱༙ࡀኻࢃࢀࡿࡇ࡜ࡀࢃ࠿ࡿ 3)ࠋ 
 
 
Fig.1-3 Decrease rate of each crop when pesticide is not used 
 
 
1.2.2 ㎰⸆〇๣ 
ձ ㎰⸆〇๣໬ࡢ┠ⓗ 
ᾘ㈝⪅ࡀᡭ࡟ྲྀࡾᐇ㝿࡟౑⏝ࡍࡿ㎰⸆ࡣࠊ⑓ᐖ⹸࡞࡝࡟㜵㝖ຠᯝࢆ᭷ࡍࡿ᭷ຠᡂศ㸦⏕
⌮άᛶᡂศ㸧࡜⿵ຓ๣ᡂศ࠿ࡽᵓᡂࡉࢀ࡚࠸ࡿࠋ㏻ᖖࠊ㎰⸆᭷ຠᡂศࡣࡈࡃᚤ㔞࡛ຠᯝࢆ
Ⓨ᥹ࡍࡿࡀࠊࡇࡢᚤ㔞࡞᭷ຠᡂศࢆᗈ࠸㎰ᆅ࡟ᆒ୍࡟ᩓᕸࡋࠊ༑ศ࡞㜵㝖ຠᯝࢆᚓࡿࡢ
ࡣᅔ㞴࡛࠶ࡿࠋࡑࡇ࡛ࠊ᭷ຠᡂศ࡟ቑ㔞๣࡞࡝ࡢ⿵ຓ๣ࢆຍ࠼ࡓࡾࠊࡲࡓ᭷ຠᡂศࢆ⁐๣
࡟⁐ゎࠊΰྜࡋࡓࡾࡍࡿ࡞࡝ࡉࡲࡊࡲ࡞ᙧ≧࡟ᡂᙧࡉࢀ࡚ၟရ໬ࡉࢀ࡚࠸ࡿࠋࡇࡢࡼ࠺
࡟౑⏝⪅ࡀ౑⏝ࡋࡸࡍ࠸ࡼ࠺࡟ᡂᙧ࣭ຍᕤࡉࢀࡓ㎰⸆〇ရࢆ㸦㎰⸆㸧〇๣࡜࠸࠺ 4)ࠋ 
Table 1-1࡟♧ࡍࡼ࠺࡟㎰⸆〇๣໬ࡢ┠ⓗࡣᴟࡵ࡚ከᒱ࡟ࢃࡓࡗ࡚࠸ࡿࠋ〇๣໬ࡢ୺ࡓ
ࡿ┠ⓗࡣࠊ㡯┠ 1 ࠾ࡼࡧ 2 ࡟グ㍕ࡋࡓࡼ࠺࡟ࠊ᭷ຠᡂศࡢ⏕⌮άᛶࢆ᭱኱㝈࡟ᘬࡁฟࡋ
ࡘࡘࠊ౑⏝⪅ࡀ౑⏝ࡋࡸࡍࡃࠊ࠿ࡘຠ⋡ࡼࡃ᪋⏝ฟ᮶ࡿᙧែ࡜ࡍࡿࡇ࡜࡛࠶ࡿࠋࡑࡢ௚ࡢ
㡯┠࡟ࡘ࠸࡚ࡶ㎰⸆ࡢ〇ရ໬࡟ࡣḞ࠿ࡏ࡞࠸┠ⓗ࡛࠶ࡿࠋ౛࠼ࡤ㡯┠ 3 ࡢ᭷ຠᡂศࡢ▷
ᡤࡢᨵၿ࡟ࡣࠊ㎰⸆᭷ຠᡂศࡢ㎰⸆〇๣୰࡟࠾ࡅࡿᏳᐃ໬㸦ศゎᢚไ㸧ࡀྵࡲࢀ࡚࠾ࡾࠊ
ࡇࡢᏳᐃᛶࡢᨵၿࡣၟရࡢ᭷ຠᖺ㝈ࡢᘏ㛗࡟ࡘ࡞ࡀࡿࠋࡲࡓࠊ㡯┠ 4 ࡢ⎔ቃࡸసᴗ⪅࡬
㻌5 
 
ࡢ㎰⸆㣕ᩓࡢపῶࡣࠊ㏆ᖺࡢ⎔ቃࡸᏳ඲࡬ࡢព㆑ࡢ㧗ࡲࡾ࡜ඹ࡟ࠊࡲࡍࡲࡍࡑࡢ㔜せᛶ
ࡀቑࡋ࡚࠸ࡿࠋࡓࡔࡋࠊࡇࢀࡽࡢ┠ⓗࡣྛࠎ⊂❧ࡋ࡚࠸ࡿࢃࡅ࡛ࡣ࡞ࡃࠊ౛࠼ࡤ᭷ຠᡂศ
ࡢຠᯝࢆ㧗ࡵࡿࡇ࡜࡟ࡼࡗ࡚༢఩㠃✚ᙜࡓࡾࡢᢞୗ⸆㔞ࢆపῶࡍࡿࡇ࡜ࡀฟ᮶ࢀࡤ⤒῭
ᛶࡀᨵၿࡉࢀࠊࡉࡽ࡟⎔ቃࡸసᴗ⪅࡬ࡢᙳ㡪ࡀῶᑡࡍࡿ࡞࡝ࠊ┦஫࡟㛵㐃ࡋ࡚࠸ࡿ 5)ࠋ 
 
Table 1-1 Main purpose of agrochemicals formulations 
No. Objectives Description 
1 Improvement of handling and application 
ʀFundamental purpose 
ʀTo dilute using proper substances 
2 
Maximization of biological activity to 
reduce dose of active ingredient applied 
嵣Efficacy depending on its formulation recipe 
and the physical and chemical properties 
嵣To modify persistence on target 
3 Cover of weak points of active ingredients 
嵣To maximize long term stability 
嵣To improve the stability of active ingredients 
against light岝 phytotoxicity etc. 
4 
Improvement of safety during manufacture 
and application for human 
Reducution of environmental influence 
嵣To reduce  toxicity岝 exposure岝 drift etc. 
嵣To reduce waste and effluent of all kind 
5 
Laborsaving Formulation 
Functionalized Formulation 
嵣Release control technology (Seedling box) 
嵣1kg-granules 
嵣Jumbo formulation (PVA-packing) 
嵣RC-helicopter 
嵣Extend patent life of active ingredients 
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㏆ᖺࠊ⛉Ꮫᢏ⾡ࡢⓎᒎ࡟క࠸᪤Ꮡ㎰⸆᭷ຠᡂศࡢᏳ඲ᛶࡀぢ┤ࡉࢀࡿ୰࡛ࠊ᪂つ࡟◊
✲㛤Ⓨࡉࢀࡿ㎰⸆࡟ࡣࠊప⸆㔞࡛ຠᯝࢆⓎ᥹ࡋࠊே␆ࡸస≀࡟ᑐࡍࡿᏳ඲ᛶࡀ㧗ࡃࠊ⎔ቃ
㈇Ⲵࡀᑠࡉ࠸ࡇ࡜ࡀồࡵࡽࢀ࡚࠸ࡿࠋࡑࡢࡓࡵࠊ᪂つ࡞㎰⸆᭷ຠᡂศࡢ໬Ꮫᵓ㐀ࡣᖺࠎ
」㞧໬ࡍࡿ࡜࡜ࡶ࡟ࠊே␆ࡸ⎔ቃ࡟ᑐࡍࡿᏳ඲ᛶヨ㦂ࡢ㡯┠ࡀቑຍࡋࠊ᪂ࡋ࠸ೃ⿵໬ྜ
≀ࢆぢฟࡍ☜⋡ࡣⴭࡋࡃ࡟పୗࡋ࡚࠸ࡿࠋࡑࢀ࡟కࡗ࡚ࠊ᪂つ㎰⸆ࡢ◊✲㛤Ⓨ㈝ࡀቑ኱
ࡋࠊࡑࡢ◊✲㛤Ⓨ࡟せࡍࡿ᫬㛫ࡶ㛗ᮇ໬ࡋ࡚࠸ࡿࡀࠊ㎰⸆ࡢపࢥࢫࢺ໬ࡢせᮃࡶᙉ࠸ࡢ
ࡀ⌧≧࡛࠶ࡿ୍ࠋ ᪉ࠊ᪥ᮏࢆࡣࡌࡵ࡜ࡋࡓඛ㐍ᅜ࡟ຍ࠼ࠊⓎᒎ㏵ୖᅜࡢ୍㒊࡛ࡶ㎰ᴗᚑ஦
⪅ࡢ㧗㱋໬ࡸවᴗ໬ࡀ㐍⾜ࡋࠊ㜵㝖సᴗࡢ┬ຊ໬ࡸ㍍సᴗ໬ࡀせᮃࡉࢀ࡚࠸ࡿࠋࡇࡢࡼ
࠺࡞せᮃ࡟ᛂ࠼ࡿࡇ࡜ࡣࠊ㎰⸆᭷ຠᡂศࡢࡳ࡛ࡣᅔ㞴࡛࠶ࡾࠊTable 1-1࡟♧ࡋࡓ〇๣ࡢ
┠ⓗࡢ 5 ࡀ㔜せ࡜࡞ࡾࠊ᪂ࡓ࡞㎰⸆〇๣ᢏ⾡࡜᪋⏝ᢏ⾡㛤Ⓨ࡟኱ࡁ࡞ᮇᚅࡀᐤࡏࡽࢀ࡚
࠸ࡿ 6)ࠋ 
 
ղ ㎰⸆〇๣ࡢ✀㢮 
୺࡞㎰⸆〇๣ᆺࡢ✀㢮ࢆ Table 1-2࡟♧ࡍࠋ㎰⸆〇๣࡟ࡣ኱ࡁࡃศࡅ࡚ᅛయ〇๣࡜ᾮయ
〇๣ࡀ࠶ࡿࠋ1),3)ࠋ㎰⸆〇๣ࡣ⏕⌮άᛶࢆ♧ࡍ᭷ຠᡂศ࡟ຍ࠼࡚ࠊ㎰⸆ࢆỈ࡛ᕼ㔘ࡍࡿ㝿
ࡢᠱᆶᛶࢆ㧗ࡵࡿࡓࡵࡢศᩓ๣ࠊங໬࡟⏝࠸ࡿங໬๣ࠊ⢏๣ࢆᡂᙧࡍࡿࡓࡵࡢ⤖ྜ๣࡞
࡝ࡢ⿵ຓ๣ᡂศ࠿ࡽᵓᡂࡉࢀ࡚࠸ࡿࠋ 
࡝ࡢࡼ࠺࡞〇๣ᆺࢆ㑅ᢥࡍࡿ࠿ࡣᵝࠎ࡞せ⣲ࢆ⥲ྜⓗ࡟ホ౯ࡋ࡚Ỵᐃࡍࡿࠋ〇๣ᆺࢆ
Ỵᐃࡍࡿୖ࡛ࠊ᭷ຠᡂศࡢ≀⌮໬Ꮫᛶࡣ〇๣タィୖᴟࡵ࡚㔜せ࡞㡯┠࡛࠶ࡿࠋ౛࠼ࡤࠊỈ
⁐ゎᗘࡀ㧗࠸᭷ຠᡂศ࡛࠶ࢀࡤᾮ๣໬ࡣᐜ࡛᫆࠶ࡿࡀࠊỈ⁐ゎᗘࡢప࠸᭷ຠᡂศࢆ⏝࠸
ࡓᾮ๣໬ࡣᅔ㞴࡛࠶ࡿࡇ࡜ࡀከࡃࠊᾮ≧〇๣ࢆ㑅ᢥࡋࡓ࠸ሙྜ࡟ࡣᾮ๣ࡢ௦ࢃࡾ࡟ங๣
ࡸỈᛶᠱ⃮ࢰࣝࢆ㑅ᢥࡍࡿࡇ࡜࡟࡞ࡿࠋࡲࡓࠊ᭷ຠᡂศࡢ⵨Ẽᅽࡀ㧗࠸ሙྜࡸࠊ⼥Ⅼࡀప
࠸ሙྜ࡟ࡣࠊ⢊○ᕤ⛬ࡸ஝⇱ᕤ⛬࡞࡝ࡢ〇㐀ࣉࣟࢭࢫ࡟࠾࠸࡚᭷ຠᡂศࡢ᥹ᩓࡸ⼥ゎࡀ
⏕ࡌࡿྍ⬟ᛶࡀ࠶ࡿࡓࡵ ᗘ⟶⌮࡟ὀពࡍࡿᚲせࡀ࠶ࡿࠋ 
᭷ຠᡂศࡢᏳᐃᛶ࡟ㄢ㢟ࡀ࠶ࡿሙྜ࡟ࡣࠊ᭷ຠᡂศࢆศゎࡍࡿせᅉࠊ౛࠼ࡤࠊỈศࠊ㓟
⣲ࠊpH࡞࡝ࢆぢᴟࡵ࡚ศゎせᅉࢆྲྀࡾ㝖ࡃࠊࡲࡓࡣᏳᐃ໬ຠᯝࡢ࠶ࡿ⿵ຓ๣ᡂศࢆῧຍ
ࡍࡿ࡞࡝ࡢᑐ⟇ࢆ⾜࠺ᚲせࡀ⏕ࡌࡿࠋຍ࠼࡚ࠊ㎰⸆᭷ຠᡂศࡀ⎔ቃ୰ࡢఱฎ࡛᭱ࡶຠᯝ
ⓗ࡟స⏝ࡍࡿࡢ࠿ࡀศ࠿ࢀࡤࠊ㎰⸆ࡢ᪋⏝᪉ἲࢆ㐺ษ࡟㑅ᢥࡍࡿࡇ࡜࡟ࡼࡾࠊ᳜≀ࠊᅵ
ተࠊỈ㠃࡞࡝ࡢ⸆ຠⓎ⌧࡟㐺ࡋࡓሙᡤ࡟㞟୰ⓗ࡟᪋⏝ࡍࡿࡇ࡜ࡀྍ⬟࡟࡞ࡿࠋࡉࡽ࡟ࠊ᪋
⏝᪉ἲࡸ౑⏝ࡍࡿ᪋⏝ჾලࡀศ࠿ࢀࡤᶵᲔ㐺ṇ࡟ྜࢃࡏࡓタィࡀྍ⬟࡟࡞ࡿࠋࡇࡢࡼ࠺
࡟ᵝࠎ࡞せᅉࢆ〇๣タィ᫬࡟⪃៖ࡍࡿࡇ࡜࡛᭱⤊ⓗ࡞ฎ᪉ࠊ〇ἲ࡞ࡽࡧ࡟᪋⏝ἲࢆ㑅ᢥ
ࡍࡿ 1),4-6)ࠋ 
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Table 1-2 Classification of agrochemicals formulations 
 
 
Fig.1-4࡟඲ୡ⏺ࡢ㎰⸆〇๣ᆺูࡢ኎ࡾୖࡆࢩ࢙࢔ࡢ᥎⛣ࢆ♧ࡍ 7)ࠋࡇࡇ 20ᖺ㛫ࡢኚ໬
ࢆㄞࡳゎࡃ㘽࡜࡞ࡿࡢࡣࠊᕷሙ࡟࠾ࡅࡿỈᛶᠱ⃮ࢰࣝ〇๣㸦SC㸧ࡢࢩ࢙࢔ࡢୖ࡛᪼࠶ࡿࠋ
ࡍ࡞ࢃࡕ 1992 ᖺ࡟ 10%ࡢࢩ࢙࢔࡛࠶ࡗࡓࡶࡢࡀࠊ2014 ᖺ࡟ࡣ 25.5%࡟ࡲ࡛ୖ᪼ࡋ࡚࠸
ࡿࠋࡇࢀࡣࠊࢢ࣮ࣟࣂࣝᕷሙ࡛ࡣᵝࠎ࡞ほⅬ࠿ࡽỈᛶᠱ⃮ࢰࣝ〇๣ࡀᕷሙࡢせồ࡟ྜ⮴
ࡋ࡚࠸ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋỈᛶᠱ⃮ࢰࣝࡢ฼Ⅼ࡜ࡋ࡚ࡣࠊỈࢆ࣮࣋ࢫ࡜ࡋ࡚࠸ࡿࡓࡵ
సᴗ⪅࡟Ᏻ඲࡞Ⅼࠊ⛗㔞ࡸỈᕼ㔘ࡀᐜ᫆࡞Ⅼ࡞࡝ࡀᣲࡆࡽࢀࡿࠋ࡞࠾ࠊᅗ୰࡟ FS࡜⾲グ
ࡉࢀࡓ〇๣ᆺࡣࠊ✀Ꮚฎ⌮ᑓ⏝ࡢỈᛶᠱ⃮ࢰࣝ๣ࢆ⾲ࡋ࡚࠾ࡾࠊSC ࡜ FS ࢆྜ⟬ࡍࡿ࡜
30㸣㉸ࡢࢩ࢙࢔ࢆᚓ࡚࠸ࡿࡇ࡜࡟࡞ࡿࠋ௚ࡢ๣ᆺ࡟ࡘ࠸࡚ぢ࡚ࡳࡿ࡜ࠊSC࡜⨨ࡁ᥮ࢃࡿ
ࡼ࠺࡟Ỉ࿴๣㸦WP㸧ࡢࢩ࢙࢔ࡀపୗࡋ࡚࠸ࡿࠋ୍᪉࡛ࠊங๣㸦EC㸧ࡣࠊ1990ᖺ௦࡟ࢩ࢙
࢔ࢆపୗࡉࡏࡓࡶࡢࡢࠊ2002 ᖺ௨㝆ࡣ୍ᐃࡢࢩ࢙࢔ࢆಖࡗ࡚࠾ࡾࠊࡑࡢຠᯝ࡜฼౽ᛶ࠿
ࡽ᰿ᙉ࠸ேẼࢆᚓ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿࠋ 
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Fig.1-4 Development of Agrochemical Market by Formulation Type – Value 
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1.3 ᪤ ࡢ◊✲࡜ᮏ◊✲ࡢ఩⨨࡙ࡅ 
 
1.3.1 ㎰⸆〇๣ࡢ⢏Ꮚᚄไᚚ࡜⏕≀ຠᯝࡢ┦㛵 
㎰⸆᭷ຠᡂศ㸦㎰⸆ཎయ㸧ࢆ⢊○ࡍࡿࡇ࡜࡛ࠊ᭷ຠᡂศࡢ⢏Ꮚࡢᩘࡀቑຍࡋẚ⾲㠃✚ࡀ
ቑ኱ࡍࡿࠋࡑࡢࡓࡵࠊ⸆๣ฎ⌮ᚋࠊ㎰⸆᭷ຠᡂศࡢ⑓ᐖ⹸ࡸ㞧ⲡ࡞࡝ࡢᶆⓗ࡬ࡢ᥋ゐ☜⋡
ࡢୖ᪼ࠊ᭷ຠᡂศࡢỈ㸦〇๣ࡢᕼ㔘Ỉࡸ᳜≀⾲㠃ࡢỈศ࡞࡝㸧࡬ࡢ⁐ゎ㏿ᗘࡢྥୖ᳜ࠊ ≀
య࡬ࡢ᭷ຠᡂศࡢ྾཰⋡ࡢୖ᪼࡞ࡽࡧ࡟⵨Ẽᅽࡢ㧗࠸᭷ຠᡂศ࡛ࡣ࢞ࢫ໬㏿ᗘࡢୖ᪼࡞
࡝ࡀᮇᚅࡉࢀࡿࠋࡇࡢࡼ࠺࡟୍⯡ⓗ࡟㎰⸆ཎయࢆᚤ⣽໬ࡍࡿࡇ࡜࡟ࡼࡾ⏕≀ຠᯝࡣྥୖ
ࡍࡿഴྥ࡟࠶ࡾࠊࡇࡢഴྥࡣỈ㞴⁐ᛶࡢ᭷ຠᡂศ࡟࠾࠸࡚≉࡟㢧ⴭ࡛࠶ࡿࠋ㎰⸆ཎయࡢ
ᚤ⢏Ꮚ໬࡟క࠸᪂ࡓ࡞௜ຍ౯್ࡀⓎぢࡉࢀࡿࡇ࡜ࡶ࠶ࡾࠊ㎰⸆ཎయࡢᚤ⢏Ꮚ໬࡞ࡽࡧ࡟
ࡑࡢホ౯ࡣ㎰⸆〇๣◊✲⪅࡟࡜ࡗ࡚᭱ࡶ⯆࿡ࡢ࠶ࡿ◊✲ศ㔝ࡢࡦ࡜ࡘ࡟࡞ࡗ࡚࠸ࡿࠋ 
㏆ᖺࠊᚤ⢊○ᢏ⾡ࢆࡣࡌࡵ࡜ࡋࡓᚤ⣽໬ᢏ⾡ࡢⓎᒎ࡟క࠸ࠊࢧࣈ࣑ࢡࣟࣥࡸࢼࣀࡢ㡿
ᇦࡲ࡛ᚤ⣽໬ࡉࢀࡓ㎰⸆ཎయࡢᛶ⬟ホ౯ࡀᐇ᪋ࡉࢀ࡚࠸ࡿࠋ౛࠼ࡤࠊBergeson ࡽࡣ㖟ࢆ
᭷ຠᡂศ࡜ࡋࡓ㎰⸆〇๣ࢆࢼࣀ໬ࡍࡿࡇ࡜࡟ࡼࡾࠊศᩓᛶࡸỈ࿴ᛶࢆᨵⰋࡋࠊ〇๣୰ࡢ
᭷ᶵ⁐፹ࢆῶᑡࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ 8)ࠋࡲࡓࠊ㎰⸆〇๣ࢆࢼࣀ໬ࡍ
ࡿᮦᩱࡸᡭἲ࡟㛵ࡍࡿ◊✲ࡶᐇ᪋ࡉࢀ࡚࠸ࡿ 9,10)ࠋ౛࠼ࡤ Jianhui ࡽࡣࢪ࣓ࢺࣔࣝࣇ࡜ࢻ
ࢹࢩࣝ◲㓟ࢼࢺ࣒ࣜ࢘㸦SDS㸧ಟ㣭ࡋࡓගゐ፹ TiO2 / Agࢆ⤖ྜࡋࡓࢼࣀᮦᩱࡢ㛤Ⓨࡋࠊ
ᅵተ୰ࡢ㎰⸆ࡢศᩓᛶ࡜ศゎᛶ࡞ࡽࡧ࡟᳜≀య࡬ࡢࢪ࣓ࢺࣔࣝࣇࡢ྾཰ࡢྥୖ࡟ࡼࡾ㔝
⳯ⱑヨ㦂࡛ࡢ⸆ຠࡢྥୖࢆሗ࿌ࡋ࡚࠸ࡿ 11)ࠋࡇࢀࡽ࡟ຍ࠼࡚ࠊࢼࣀ໬࡜ࡍࡿࡇ࡜࡛㎰⸆
〇๣ࡢᏳᐃᛶࢆྥୖࡋࡓ஦౛ࡶሗ࿌ࡉࢀ࡚࠸ࡿ 12,13)ࠋ୍᪉࡛ࡇࢀࡽࢼࣀ໬〇๣ࡣᕤᴗ໬
ࡢ㞴᫆ᗘࡀ㧗ࡃᐇ⏝໬ࡉࢀ࡚࠸ࡿ౛ࡣ࡯࡜ࢇ࡝࡞࠸ࡢࡀ⌧≧࡛࠶ࡿࠋ 
ᐇ⏝ⓗ࡞〇๣ࢆ᝿ᐃࡋࡓ㎰⸆ཎయࡢ⢏Ꮚᚄไᚚ࡜ࡑࡢ⏕≀ຠᯝ࡟㛵ࡍࡿ〇๣◊✲ࡣ 20
ୡ⣖࡟ࡣάⓎ࡟ሗ࿌ࡀ࡞ࡉࢀ࡚࠸ࡓࡀࠊ㏆ᖺ࡛ࡣබ㛤ࡉࢀࡎ࡟⛎༏ࡉࢀࡿഴྥࡀᙉࡃ࡞
ࡗ࡚࠸ࡿࠋࡇࢀࡣࠊ⢏Ꮚᚄไᚚࡢࡼ࠺࡞〇๣ᢏ⾡ࡣࠊ㏆ᖺࢩ࢙࢔ࢆ㧗ࡵ࡚࠸ࡿࢪ࢙ࢿࣜࢵ
ࢡཎయ࡜ࡢ㔜せ࡞ᕪู໬ᢏ⾡࡜࡞ࡿ୍᪉࡛ࠊ≉チࢆฟ㢪ࡋࡓ࡜ࡋ࡚ࡶᶒ฼౵ᐖࡢド᫂ࡀ
㞴ࡋ࠸ᢏ⾡ศ㔝࡛࠶ࡿࡇ࡜ࡀ㉳ᅉࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋẚ㍑ⓗྂ࠸ሗ࿌ࡀ୰ᚰ࡜ࡣ࡞
ࡿࡀࠊẅ⹸๣࡛ࡣࠊ」ᩘࡢ࣮࢝ࣂ࣓࣮ࢺ⣔ẅ⹸๣࡟࠾࠸࡚༶ຠᛶࠊṧຠᛶࢆホ౯ࡋࡓ⤖ᯝ
ࡀሗ࿌ࡉࢀ࡚࠾ࡾࠊ࠸ࡎࢀࡢ᭷ຠᡂศ࡛ࡶᚤ⢏Ꮚ໬ࡍࡿࡇ࡜࡟ࡼࡾ༶ຠᛶࡀྥୖࡍࡿࡶ
ࡢࡢࠊṧຠᛶ࡟㛵ࡋ࡚ࡣNACࡸMPMC࡛ࡣṧຠᛶࡀྥୖࡍࡿࡢ࡟ᑐࡋ࡚ࠊMIPCࡸCPMC
࡛ࡣṧຠᛶࡀపୗࡍࡿ⤖ᯝ࡜࡞ࡗࡓ 14,15)ࠋࡲࡓࠊࣈࣉࣟࣇ࢙ࢪࣥࡸࣅࢼࣃࣜࣝ࡟࠾࠸࡚
ࡣࠊ㎰⸆᭷ຠᡂศࡢ᥹ᩓᛶࡢᙳ㡪࡟ࡼࡾ 30Υࢆ㉸࠼ࡿࡼ࠺࡞㧗 ୗ࡛ࡣࠊ⢏Ꮚᚄࡢᚤ⣽
໬࡟ࡼࡾ⸆ຠࡀపୗࡍࡿ஦౛ࡶሗ࿌ࡉࢀ࡚࠸ࡿ 16,17)ࠋẅ⳦๣ࡢศ㔝࡛ࡣࠊࢪࢿࣈࡢ⢏Ꮚ
ᚄࢆ⣽࠿ࡃࡍࡿࡇ࡜࡟ࡼࡾࠊࡑࡢ⸆ຠࡢྥୖࡀᮃࡵࡿࡢ࡟ຍ࠼࡚⪏㞵ᛶࡶྥୖࡍࡿࡇ࡜
㻌10 
 
ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 4,18)ࠋࡲࡓࠊPCBA ࡣࠊ2ȣm ௨ୗࡲ࡛ᚤ⢊○ࡋࡓᚤ⢏Ꮚ࠿ࡽ࡞ࡿỈᛶ
ᠱ⃮〇๣࡜ࡍࡿࡇ࡜࡛⸆ຠࡀྥୖࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 19)ࠋ୍᪉ࠊ㝖ⲡ๣࡛ࡣࠊỈ
⏣⏝㝖ⲡ๣ࡢࣆࣛࢰ࣮ࣞࢺࢆ⢏๣࡜ࡋ࡚ฎ⌮ࡍࡿୖ࡛᭱㐺࡞⢏Ꮚᚄ࡟㛵ࡍࡿሗ࿌ࡀ࡞ࡉ
ࢀ࡚࠸ࡿࠋࣆࣛࢰ࣮ࣞࢺࡣࡑࡢຍỈศゎయ࡛࠶ࡿ DTPࡀάᛶᡂศ࡛࠶ࡿࣉࣟࢻࣛࢵࢢ࡛
࠶ࡿࡀࠊDTP ࡣỈ⁐ゎᗘࡀ㧗ࡃࠊỈࡢὶஸ࡟ࡼࡿᙳ㡪ࢆཷࡅࡸࡍ࠸ࠋࡑࡢࡓࡵ⢏๣࠿ࡽ
ࡢࣆࣛࢰ࣮ࣞࢺࡢ⁐ฟ࡜ࣆࣛࢰ࣮ࣞࢺ࠿ࡽ DTP࡬ࡢຍỈศゎ㏿ᗘࡢࣂࣛࣥࢫࡢⰋ࠸ࠊ᭱
㐺࡞⢏ᏊᚄศᕸࡀᏑᅾࡍࡿ࡜ࡢ⤖ᯝࡀᚓࡽࢀ࡚࠸ࡿ 20)ࠋ 
ࡇࡢ௚࡟ࡶ⢏Ꮚᚄ࡜⸆ຠ࡟㛵ࡍࡿ◊✲⤖ᯝࡀሗ࿌ࡉࢀ࡚࠸ࡿࡀࠊᚲࡎࡋࡶ᭷ຠᡂศࡢ
⢏Ꮚᚄ࡜⸆ຠࡢ┦㛵㛵ಀࡀ᫂☜࡟࡞ࡗ࡚ࡣ࠾ࡽࡎ⤒㦂ⓗ࡞ホ౯࡟␃ࡲࡗ࡚࠸ࡿࡇ࡜ࡀከ
࠸ࠋࡲࡓࠊ⢊○ࡉࢀࡓ⢏Ꮚࡢ〇๣୰࠾ࡼࡧᩓᕸᾮ୰࡟࠾ࡅࡿศᩓ≧ែࡢᙳ㡪࡟ࡘ࠸᳨࡚
ウࠊ⪃ᐹࡋࡓሗ࿌ࡣ࡯࡜ࢇ࡝࡞ࡃᐇ⏝ⓗ࡞〇๣໬◊✲ࢆ⾜࠺ୖ࡛༑ศ࡞ᡂᯝࡀᚓࡽࢀ࡚
࠸ࡿ࡜ࡣゝ࠼࡞࠸ࠋࡑࡇ࡛ࠊᮏ◊✲࡛ࡣẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻࢆྵ᭷ࡍࡿỈᛶᠱ⃮ࢰࣝ
〇๣ࢆ⏝࠸࡚⢏ᚄᚄศᕸ࡜⏕≀ຠᯝࡢ┦㛵ࢆ〇๣୰࡞ࡽࡧ࡟ᩓᕸᾮ୰࡟࠾ࡅࡿ⢏Ꮚࡢศ
ᩓ≧ែࡶྵࡵ࡚ホ౯ࡍࡿࡇ࡜࡟ࡼࡾᐇ⏝ⓗ࡞〇๣ฎ᪉タィ࡟ᚲせ࡞▱ぢࡢྲྀᚓࢆヨࡳࡓࠋ 
 
1.3.2 ㎰⸆Ỉᛶᠱ⃮ࢰࣝ〇๣ࡢ⢏Ꮚᚄไᚚᢏ⾡ 
㎰⸆〇๣࡟࠾ࡅࡿ⢏Ꮚᚄไᚚࡢ᭱኱ࡢ┠ⓗࡣ㎰⸆᭷ຠᡂศࡢ⏕≀ຠᯝࢆ᭱኱໬ࡍࡿࡇ
࡜࡛࠶ࡿࠋỈᛶᠱ⃮ࢰࣝ࡟〇๣໬ࡉࢀࡿᅛᙧ≧ࡢ㎰⸆ᡂศࡣࠊ㏻ᖖ୙ᆒ୍࡞⢏Ꮚᚄศᕸ
ࡢ≧ែ࡛౪⤥ࡉࢀࡿࡇ࡜ࡀከ࠸ࡓࡵࠊ࠶ࡽ࠿ࡌࡵ⢊○ᕤ⛬ࢆᑟධࡋ࡚ᆒ㉁࡞⢊ᮎ≧࡟ㄪ
〇ࡍࡿࡢࡀ୍⯡ⓗ࡛࠶ࡿࠋࡲࡓࠊᚤ⢊○࡟ࡼࡗ࡚ࠊ㎰⸆〇๣࡟Ⰻዲ࡞≀⌮໬Ꮫⓗᛶ㉁ࡸᏳ
ᐃᛶࢆ୚࠼ࡿࡇ࡜ࡶ⢊○ࡢ┠ⓗࡢ୍ࡘ࡛࠶ࡿࠋ౛࠼ࡤࠊ㎰⸆᭷ຠᡂศࢆᚤ⢊○ࡍࡿࡇ࡜
࡟ࡼࡾ᭷ຠᡂศࡢ⁐ᾮ୰࡛ࡢᠱᆶᛶࢆྥୖࡋࠊỈᛶᠱ⃮ࢰࣝ〇๣ࡢࡼ࠺࡞ᠱ⃮〇๣ࡢಖ
ᏑᏳᐃᛶࢆྥୖࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࡿ 4),5)ࠋ㏆ᖺ࡛ࡣ᭷ຠᡂศࡢᵓ㐀ࡀ」㞧໬ࡋࠊศᏊ㔞
ࡀ௨๓࡜ẚ㍑ࡋ࡚኱ࡁࡃ࡞ࡿࡢ࡟కࡗ࡚ᖖ ࡛ᅛయࡢỈ㞴⁐ᛶࡢ㎰⸆᭷ຠᡂศࡀከࡃ࡞
ࡿഴྥ࡟࠶ࡾࠊⰋዲ࡞⸆ຠࡸ≀⌮ᛶࢆᢸಖࡍࡿࡓࡵ࡟㧗ᗘ࡞⢏Ꮚᚄไᚚࡀせồࡉࢀ࡚࠸
ࡿࠋຍ࠼࡚ࠊ᭷ຠᡂศ௨እࡢฎ᪉ᵓᡂ≀ࡢᙳ㡪ࡸ⤒᫬Ᏻᐃᛶ࠾ࡼࡧ⏕⏘ᛶ࡞࡝✀ࠎࡢせ
⣲ࢆ⪃៖ࡍࡿᚲせࡀ࠶ࡾࠊ⥲ྜⓗ࡟ุ᩿ࡋ࡚〇ရࡢ⢏Ꮚᚄศᕸࡀつ᱁໬ࡉࢀ࡚࠸ࡿࠋ 
㎰⸆〇๣タィ࡟࠾࠸࡚ࠊ⢏Ꮚᚄไᚚ࡟㛵ࢃࡿ༢఩᧯స࡜ࡋ࡚ࡣࠊ⢊○ࠊΰྜࠊศ⣭ࠊ㐀
⢏ᩚࠊ ⢏࡞࡝ࡢᕤ⛬ࡀᣲࡆࡽࢀࡿࠋࡇࡢ୰࡛ࠊỈᛶᠱ⃮ࢰࣝ〇๣ࡢ〇㐀࡟࠾࠸࡚㔜せ࡞ᕤ
⛬ࡣࠊ⢊○ࠊΰྜ࠾ࡼࡧศ⣭ᕤ⛬࡜࡞ࡿࠋ㎰⸆Ỉᛶᠱ⃮ࢰࣝࢆᑐ㇟࡜ࡋࡓ〇๣タィ࡟㛵ࡍ
ࡿሗ࿌ࡣᩘከࡃ࡞ࡉࢀ࡚࠸ࡿࠋ౛࠼ࡤࠊLi-ying ࡽࡣ㎰ᴗ⏝ẅ⳦๣࢚࣏࢟ࢩࢥࢼࢰ࣮ࣝࡢ
Ỉᛶᠱ⃮ࢰࣝฎ᪉タィࢆᐇ᪋ࡋࠊ᭱㐺࡞⏺㠃άᛶ๣ࡸቑ⢓๣ᡂศࢆ㓄ྜࡋࡓฎ᪉ࢆᥦ᱌
㻌11 
 
ࡋ࡚࠸ࡿࠋ୍᪉࡛ࠊࡇࢀࡽࡢ◊✲ࡣ⏕≀ຠᯝࢆྥୖࡍࡿຠຊቑᙉ๣ࡢ᥈⣴࡟㛵ࡍࡿ◊✲
ࡸ≀⌮໬ᛶࡢᏳᐃ໬࡟╔┠ࡋࡓ᳨ウ࡛࠶ࡾࠊ⏕⏘ᛶࡢྥୖ࡟㛵ࡋ࡚ࡣ࡯࡜ࢇ࡝ゝཬࡉࢀ
࡚࠸࡞࠸ 21-23)ࠋࡲࡓࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄไᚚᢏ⾡࡟㛵ࡍࡿ◊✲࡟㛵ࡋ࡚ࡶᩘᑡ
࡞࠸ࡶࡢࡢሗ࿌ࡉࢀ࡚࠸ࡿࡀ 24)ࠊ⏕⏘ᛶྥୖࡢࡓࡵ‵ᘧศ⣭ᶵࡢᑟධࢆ᳨ウࡋࡓ஦౛ࡣ
ぢᙜࡓࡽ࡞࠸ࠋ 
 
1.3.3 ᾮయࢧ࢖ࢡࣟࣥࡢᛶ⬟ྥୖ 
ࢧ࢖ࢡࣟࣥࡣࠊ1885ᖺ࡟ John M. Finch࡟ࡼࡾⓎ᫂ࡉࢀࡓᅛᐃෆ෇⟄ෆ࡛Ẽὶࡀ᪕ᅇࡋࠊ
Ẽὶ࡜⢏Ꮚࡢᐦᗘࡢᕪ࡟ࡼࡾࠊ⢏Ꮚࢆ㐲ᚰศ㞳ࡍࡿ⡆༢࡞ᵓ㐀ࡢศ⣭⿦⨨࡛࠶ࡾࠊᵝࠎ࡞
ᕤᴗศ㔝࡟࡚ᐇ⏝໬ࡉࢀࠊከᵝ࡞⏝㏵࡛౑⏝ࡉࢀ࡚࠸ࡿࠋࢧ࢖ࢡࣟࣥ࡟ࡣẼయࢆ፹య࡜ࡍ
ࡿ஝ᘧࢧ࢖ࢡࣟࣥ࡜ᾮయࢆ፹య࡜ࡍࡿᾮయࢧ࢖ࢡࣟࣥࡀ࠶ࡾࠊỈᛶᠱ⃮ࢰࣝ㸦ࢫ࣮ࣛࣜ㸧
ࡢศ⣭࡟ࡣᾮయࢧ࢖ࢡࣟࣥࡀ⏝࠸ࡽࢀࡿࠋᾮయࢧ࢖ࢡࣟࣥࡣࠊ஝ᘧࢧ࢖ࢡࣟࣥ࡜ẚ㍑ࡋ࡚
10μm ௨ୗࡢศ⣭ຠ⋡ࡀຎࡿࡇ࡜ࡀ୍⯡ⓗ࡛࠶ࡿࡓࡵࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝ〇㐀࡛ࡣ࡯࡜ࢇ
࡝ᐇ⏝໬ࡉࢀ࡚࠸࡞࠸ࡢࡀ⌧≧࡛࠶ࡾ᭦࡞ࡿᛶ⬟ࡢྥୖࡀᮃࡲࢀ࡚࠸ࡿࠋ 
ᶆ‽ⓗ࡞ᾮయࢧ࢖ࢡࣟࣥࡣ୺࡜ࡋ࡚෇⟄⟶࡜ࡑࢀ࡟௜㝶ࡍࡿ෇㗹㒊࠿ࡽᡂࡾࠊ1ࡘࡢࢫ
࣮ࣛࣜ౪⤥㒊࡜⢒⢏࡜ᚤ⢏ࡢ 2✀ࡢ᤼ฟ㒊ࢆ᭷ࡋ࡚࠸ࡿࠋࢫ࣮ࣛࣜࡣᾮయࢧ࢖ࢡࣟࣥࡢ෇
⟄㒊࡟ᑐࡋ࡚᥋⥺᪉ྥ࡟౪⤥ࡉࢀࠊࡑࡇ࡛⢒኱࡞⢏Ꮚࡀࢧ࢖ࢡࣟࣥቨ㠃࡟⛣ືࡋࠊ㐲ᚰຊ
࡟ࡼࡗ࡚࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡬࡜ศ㞳ࡉࢀࡿࠋᚤ⣽࡞⢏Ꮚࡣୖ᪼ὶ࡟ࡢࡗ࡚ࢧ࢖ࢡࣟࣥୖ㒊
࡬࡜ศ㞳ࡉࢀࡿࠋࡇࡢࡼ࠺࡟༢⣧࡞ᵓ㐀ࢆ᭷ࡍࡿᾮయࢧ࢖ࢡ࡛ࣟࣥ࠶ࡿࡀࠊࡑࡢෆ㒊ࡢὶ
ࢀࡣ」㞧࡛࠶ࡿࡓࡵࠊᾮయࢧ࢖ࢡࣟࣥࡢタィࡣ⤒㦂ⓗࣔࢹࣝ࡟㢗ࡗ࡚࠸ࡿሙྜࡀከ࠸ 25), 
26)ࠋࡑࡢࡼ࠺࡞୰࡛ࠊᩘ್ὶయຊᏛ㸦CFD㸧ࢆ⏝࠸ࡓゎᯒࡣࠊᾮయࢧ࢖ࢡࣟࣥࡢὶࢀሙࢆ
⌮ゎࡍࡿୖ࡛ຠᯝⓗ࡞ᡭἲ࡛࠶ࡾࠊCFD࡟ࡼࡾᚓࡽࢀࡿ▱ぢࢆ⏝࠸࡚ᾮయࢧ࢖ࢡࣟࣥࡢศ
㞳ᛶ⬟ࢆᨵⰋࡍࡿࡓࡵ࡟ᩘከࡃࡢ◊✲ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 27-30)ࠋ౛࠼ࡤ An-Ni Hung ࡽࡣ෇
㗹㒊࡟ࢫࣜࢵࢺࢆධࢀࡓ Fig.1-5 ࡢᵓ㐀ࢆᑟධࡍࡿࡇ࡜࡟ࡼࡾࠊ࢞ࢫὶࡢ༙ᚄ᪉ྥ࡬ࡢ⛣
ືࡀቑຍࡍࡿࡇ࡜ࠊࢫࣜࢵࢺ࠿ࡽࡢ࢞ࢫὶฟ࡟ࡼࡾୖ᪼ὶ࡬ࡢࣂ࢖ࣃࢫὶࡀῶᑡࡍࡿࡇ࡜
࠿ࡽࠊศ㞳ຠ⋡ࡀྥୖࡋࡓࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ 31)ࠋCaie Zhangࡽࡣᾮయࢧ࢖ࢡࣟࣥ࡟࠾ࡅ
ࡿ᭤⋡༙ᚄࡢᙳ㡪ࢆ᳨ドࡋࠊ᭤⋡༙ᚄࢆᑠࡉࡃࡍࡿ࡜ෆ㒊ࡢὶࢀሙࡢᏳᐃᛶࡀྥୖࡍࡿࡇ
࡜ࢆ᫂ࡽ࠿࡟ࡋ࡚࠸ࡿࠋࡇࡢ⤖ᯝࠊ⢒኱⢏Ꮚࡢࢩ࣮ࣙࢺ࢝ࢵࢺ࡟ࡼࡿୖ᪼ὶ࡬ࡢὶධࢆῶ
ᑡࡋࠊศ㞳ຠ⋡ࡀྥୖࡍࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ 32)ࠋࡲࡓࠊG.Partaࡽࡣࠊ෇⟄㒊࡟ Fig.1-6࡟
♧ࡋࡓ ᕳࡁᆺࡢ rib ࢆᑟධࡋࡓᾮయࢧ࢖ࢡ࡛ࣟࣥࡣᅽຊᦆኻࡢపῶࡀྍ⬟࡛࠶ࡾศ㞳ᚄ
ࢆᑠࡉࡃࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ 33)ࠋࡲࡓࠊ஝ᘧࢧ࢖ࢡࣟࣥࡢᛶ⬟ྥୖ
࡟㛵ࡋ࡚ࡶ CFD ࡟ࡼࡾᚓࡽࢀࡿ▱ぢࢆ⏝࠸࡚ࡑࡢᵓ㐀ࢆᨵⰋࡍࡿྲྀࡾ⤌ࡳࡀࠊ✚ᴟⓗ࡟
㻌12 
 
⾜ࢃࢀ࡚࠾ࡾࠊ౛࠼ࡤࠊJ.J.H. Houbenࡽࡣࠊ஝ᘧࢧ࢖ࢡࣟࣥࡢฟཱྀ⟶ୖ㒊࠿ࡽᤕ㞟⟽࡟࠿
ࡅ࡚Წ≧ࡢᵓ㐀≀ࢆタ⨨ࡍࡿࡇ࡜࡛ᅽຊᦆኻࢆపῶࡋࠊࢧ࢖ࢡࣟࣥࡢศ㞳ᛶ⬟ࢆᨵⰋฟ᮶
ࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ 34)ࠋF. Zhou ࡽࡣࠊࢧ࢖ࢡࣟࣥࡢ෇⟄㒊࡟⼺᪕≧ࡢ࢞࢖ࢻ⩚᰿ࢆタ
ࡅࡿࡇ࡜࡟ࡼࡿศ㞳ຠ⋡࡬ࡢᙳ㡪ࢆ᳨ドࡋࠊධࡾཱྀ㏿ᗘࡀ㏿࠸ሙྜ࡟ࡣ࢞࢖ࢻ⩚᰿ࡢタ⨨
࡟ࡼࡿᤕ㞟ຠ⋡ࡢྥୖࢆሗ࿌ࡋ࡚࠸ࡿ 35)ࠋ 
ᮏ◊✲࡛ࡣࠊ᪤ ࡢᩥ⊩࡛ࡣ࣮࢜ࣂ࣮ࣇ࣮ࣟ㒊ࡢᨵⰋ࡟↔Ⅼࡀ࠶ࡓࡿ୰ࠊ᪂つ࡞ᵓ㐀ࢆ
᭷ࡍࡿ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࢆᑟධࡍࡿࡇ࡜࡛ᾮయࢧ࢖ࢡࣟࣥࡢศ㞳ᛶ⬟ྥୖࢆ᳨ウࡋࡓࠋᨵ
Ⰻᾮయࢧ࢖ࢡࣟࣥࢆ⏝࠸ࡓศ⣭ᐇ㦂࠾ࡼࡧ CFD ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾᨵⰋຠᯝࢆ᳨ド
ࡋࠊ㎰⸆Ỉᛶࢰࣝ〇๣࡬ࡢ㐺⏝ࢆ᳨ドࡋࡓࠋ 
 
 
Fig.1-5 Schematic diagram of the cyclone with slit in the cone 
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Fig.1-6 Schematic diagram of the cyclone with rib in the cone 
 
 
1.3.4 ㎰⸆〇๣ࡢ⢏Ꮚᚄ ᐃᢏ⾡ 
ࡇࢀࡲ࡛ࠊ㎰⸆〇๣࡟࠾ࡅࡿ⢏Ꮚᚄไᚚᢏ⾡ࡢ㔜せᛶࢆ㏙࡭࡚ࡁࡓࠋࡋ࠿ࡋࠊ⢏Ꮚᚄไ
ᚚᢏ⾡ࡣࠊṇ☜࡞⢏Ꮚᚄ ᐃᢏ⾡࡜ᑐࢆᡂࡍࡇ࡜࡛ࡣࡌࡵ࡚᭷ຠ࡞ᢏ⾡࡜࡞ࡾᚓࡿࠋࡍ
࡞ࢃࡕࠊ⢏Ꮚᚄไᚚᢏ⾡࡜⢏Ꮚᚄ ᐃᢏ⾡ࡣษࡾ㞳ࡍࡇ࡜ࡢฟ᮶࡞࠸ᐦ᥋ࡋࡓ㛵ಀ࡟࠶
ࡾࠊṇ☜࡞⢏Ꮚᚄ ᐃᢏ⾡ࡀ࠶ࡗ࡚ึࡵ࡚⢏Ꮚᚄไᚚᢏ⾡ࡀᡂࡾ❧ࡘ࡜ࡶゝ࠼ࡿࠋࡑࡢ
ࡓࡵࠊ⢏Ꮚᚄไᚚᢏ⾡࡟ࡼࡗ࡚ᚓࡽࢀࡓ┠ⓗ≀ࢆ࡝ࡢࡼ࠺࡞ ᐃἲ࡛ホ౯ࡍࡿ࠿ࡢุ᩿
ࡶ㠀ᖖ࡟㔜せ࡜࡞ࡿ୍ࠋ ⯡ⓗ࡟ࠊ⢏Ꮚࡢᙧ≧ࡣከᵝ࡛࠶ࡾࠊ⢏Ꮚࡢ᭱▷ᚄࡸయ✚⢏Ꮚᚄ࡞
࡝ࠊ ᐃᡭἲ࡟ࡼࡗ࡚⢏Ꮚᚄࡢᤊ࠼᪉ࡀ␗࡞ࡿࡓࡵࠊ ᐃἲࡢ㑅ᢤ࡟࠶ࡓࡗ࡚ࡣࠊࡑࡢ 
ᐃཎ⌮ࡶ༑ศ࡟⪃៖࡟ධࢀ࡚࠾࠿ࡡࡤ࡞ࡽ࡞࠸ 36)ࠋTable 1-3࡟㎰⸆〇๣ࡢ⢏Ꮚᚄ ᐃ࡟
౑⏝ࡉࢀ࡚࠸ࡿ ᐃἲࢆẚ㍑ࡋࡓ⾲ࢆ♧ࡍ 37)ࠋ㢧ᚤ㙾ἲࠊ⠠ศἲࠊࢥ࣮ࣝࢱ࣮ἲࠊ࣮ࣞ
ࢨ࣮ᅇᢡ࣭ᩓ஘ἲືࠊ ⓗගᩓ஘ἲ࠾ࡼࡧỿ㝆ἲ࡞࡝ᵝࠎ࡞ ᐃἲࡀᐇ⏝໬ࡉࢀ࡚࠸ࡿࠋࡇ
ࡢ୰࡛ࠊ㎰⸆〇๣〇ရࡢရ㉁⟶⌮㠃࡛ࡣ෌⌧ᛶࡀ㧗ࡃࠊ⡆౽࡟ ᐃ࡛ࡁࡿࡢࡀ฼Ⅼ࡛࠶
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ࡿࡇ࡜࠿ࡽ࣮ࣞࢨ࣮ᅇᢡ࣭ᩓ஘ἲࢆཎ⌮࡜ࡍࡿ ᐃ⿦⨨ࡀ᭱ࡶỗ⏝ⓗ࡟౑⏝ࡉࢀ࡚࠸ࡿࠋ
୍᪉ࠊ࣮ࣞࢨ࣮ᅇᯒ࣭ᩓ஘ᘧ⢏Ꮚᚄ ᐃᶵࡣ㧗౯࡛࠶ࡾᶵࠊ ჾࡈ࡜ࡢ ᐃ್ࡢ෌⌧ᛶࡣ㧗
࠸ࡶࡢࡢᶵ✀࡟ࡼࡿ⤯ᑐ್ࡢ್ࡀ␗࡞ࡿࢣ࣮ࢫࡶከࡃࠊᶵ✀ࡈ࡜࡟つ᱁タᐃࡢᚲせࡀ⏕
ࡌࡿࡇ࡜ࡶ࠶ࡿࠋ 
 
Table 1-3 Comparison of particle size measurement techniques 
 Image analysis Sieving Coulter Laser diffraction 
Dynamic light  
scattering 
Sedimentation 
Definition of measured 
particle size 
Equivalent diameter Equivalent diameter Equivalent diameter Effective diameter Effective diameter Effective diameter 
Circle equivalent 
Diameter etc. 
Circle equivalent 
Diameter etc. 
Equal volume sphere 
equivalent diameter  
etc. 
Diffraction scattering  
diameter etc. 
Dynamic light  
Scattering diameter 
Etc. 
Stokes diameter 
Input parameter Not required Not required Not required 
Refractive index of   
particle etc. 
Diffusion factor of  
particle etc. 
Density of particle  
etc.  
Measured physical  
quantity 
Projected area and 
 shape of one particle 
䠄Number of pixels䠅 
Weight of particles  
passing through mesh  
openings 
(Mesh of Sieve) 
One particle per piec
e 
volume 
䠄Voltage䠅 
Matches the diffractio
n scattering pattern o
f particles assumed t
o  
be spheres 
(Diffraction scattering
 pattern) 
Fluctuation of scattere
d light reflecting diffu
sion coefficient 
(Strength of scattered  
light) 
Settling speed. Match 
with the sedimentation 
velocity of the assume
d particle 
䠄Absorbance etc.䠅 
Influence of particle  
shape 
Somewhat Somewhat Nothing Extremely Extremely Influential 
Equipment calibration Not required Not required 
Possible 
By international  
standard substance 
Impossible Impossible 
Impossible 
(Correction) 
Manufacturer differenc
es 
Difference between mo
dels 
Somewhat Nothing Nothing Influential Influential Somewhat 
Basic particle size  
distribution 
Number standard䚸 
Area standard 
Weight standard 
Number standard䚸 
Volume standard 
Volume standard Volume standard Weight standard 
 
ỿ㝆ἲࡣࠊ⢏Ꮚࡢỿ㝆㏿ᗘ࠿ࡽࢫࢺ࣮ࢡࢫᚄࢆ ᐃࡍࡿ᪉ἲ࡛࠶ࡿࡓࡵ≀⌮ⓗព⩏ࡀ
᫂☜࡛࠶ࡿࠋ⢏Ꮚࡢỿ㝆㏿ᗘࡣࠊࡑࡢ⢏Ꮚࡢᙧ≧࣭ᐦᗘࡸỿ㝆ࡉࡏࡿ፹㉁㸦ᾮయ㸧ࡢ⢓ᛶ
࡞࡝࡟౫Ꮡࡍࡿࡀࠊ୍⯡ⓗ࡟ ᐃࡋࡓ⢏Ꮚࡢỿ㝆㏿ᗘ࡜ྠࡌỿ㝆㏿ᗘࢆᣢࡘ⌫యࡢ┤ᚄ
ࢆࡶࡗ࡚ ᐃ⢏Ꮚࡢ⢏Ꮚᚄ࡜ࡍࡿࠋỿ㝆ἲ࡛ࡣࠊ ᐃ⢏Ꮚࢆᆒ୍࡟ศᩓࡉࡏࡓࡢࡕࠊ⤒᫬
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ⓗ࡟ᠱ⃮≧ែࡢኚ໬ࢆ ᐃࡍࡿࡇ࡜࡟ࡼࡾ⢏Ꮚᚄࢆ ᐃࡍࡿࠋ⤒᫬ⓗ࡟ ᐃࡍࡿ≀⌮㔞
࡜ࡋ࡚ࡣỿ㝆≀ࡢ㔜㔞ࠊᠱ⃮ᒙࡢග㏱㐣⋡࡞࡝ࢆ⏝࠸ࡿࡢࡀ୍⯡ⓗ࡛࠶ࡿࠋ㎰⸆〇๣ࡣ
ᐇ౑⏝ሙ㠃࡟࠾࠸࡚Ỉ࡟ᕼ㔘ࡋ࡚౑⏝ࡉࢀࡿࡇ࡜ࡀከࡃࠊࡑࡢᠱ⃮ᛶࡣ㔜ຊỿ㝆㏿ᗘ࡜
ࡢ┦㛵ࡀᙉ࠸ࠋࡑࡢࡓࡵྂࡃࡣ࢔ࣥࢻࣞ࢔ࢮࣥࣆ࣌ࢵࢺἲࡀ㎰⸆〇๣Ⓩ㘓࡟࠾ࡅࡿබⓗ
࡞⢏Ꮚᚄ ᐃἲ࡜ࡋ࡚᥇⏝ࡉࢀ࡚ࡁࡓࠋࡲࡓࠊỈᛶᠱ⃮ࢰࣝࡸỈ࡛ᕼ㔘ࡋ࡚᪋⏝ࡉࢀࡿ
Ỉ࿴๣➼ࡢᠱᆶᛶࢆホ౯ࡍࡿබⓗ࡞ ᐃἲࡶᇶᮏⓗ࡟ỿ㝆ἲࡢཎ⌮ࢆ฼⏝ࡋࡓ᪉ἲ࡜࡞
ࡗ࡚࠸ࡿࠋ୍᪉ࠊỿ㝆ἲ࡛⢏Ꮚᚄࢆ ᐃࡍࡿࡓࡵ࡟ࡣ ᐃ⢏Ꮚᚄࡀᑠࡉࡅࢀࡤᑠࡉ࠸࡯
࡝㛗᫬㛫ࢆせࡍࡿࡇ࡜ࡀ᭱኱ࡢḞⅬ࡛࠶ࡿࠋ 
ỿ㝆ἲ࡟ࡣࠊ⮬↛㔜ຊࢆ⏝࠸ࡿ᪉ἲ㸦㔜ຊỿ㝆ἲ㸧࡜ࠊ㐲ᚰຊࢆ⏝࠸ࡿ᪉ἲ㸦㐲ᚰỿ㝆
ἲ㸧ࡀ࠶ࡾࠊ㔜ຊỿ㝆ἲࡣࢩࣝࢺࡼࡾ⢒⢏࡞⢏Ꮚ㸦2 μm௨ୖ㸧࡟ࠊ㐲ᚰỿ㝆ἲࡣࢩࣝࢺ
ࡼࡾ⣽⢏࡞⢏Ꮚ࡟㐺⏝ࡉࢀࡿࠋࡇࡢ୰ࡢ࠸ࡃࡘ࠿ࡢ᪉ἲ࡟ࡘ࠸࡚ࡣࠊ᪥ᮏᕤᴗつ᱁㸦JIS㸧
࡟ࡼࡗ࡚ศᯒᡭἲࡀつ᱁໬ࡉࢀ࡚࠸ࡿࠋ୍᪉࡛ࠊࡇࢀࡽ⡆౽࡞⿦⨨ࢆ⏝࠸ࡓ ᐃἲ࡟࠾
ࡅࡿỿ㝆ࢹ࣮ࢱࡢฎ⌮ἲࡣ⤒㦂ⓗ࡟ᢅࢃࢀ࡚࠾ࡾ⌮ㄽⓗ࡞᰿ᣐࡀஈࡋ࠸ࠋỿ㝆ኳ⛗ࢆ⏝
࠸ࡓ⢏Ꮚ ᐃ࡟㛵ࡋ࡚ࡣᵝࠎ࡞ࢹ࣮ࢱゎᯒἲࡸࢹ࣮ࢱࡢಙ㢗ᛶࢆྥୖࡍࡿ᳨ウࡀ⾜ࢃࢀ
࡚࠸ࡿࡀ 38-43)ࠊ⢭ᐦኳ⛗࡞࡝ᑓ⏝ࡢ⿦⨨ࡀᚲせ࡜࡞ࡿࠋ 
ᮏㄽᩥ࡛ࡣỿ㝆⟶ࢆ⏝࠸ࡓᾮ┦୍ᵝỿ㝆ἲ࡟࠾࠸࡚ࠊᾮ┦ࡢỿ㝆⏺㠃࠿ࡽㄞࡳྲྀࡗࡓ
ỿ㝆㊥㞳ࡀỿ㝆⢏Ꮚࡢ㉁㔞࡟ẚ౛ࡍࡿ࡜௬ᐃࡋࠊỿ㝆⏺㠃ࡢ ᐃ࡟ࡼࡾᚓࡽࢀࡓỿ㝆ࢹ
࣮ࢱࢆ⌮ㄽⓗ࡟ฎ⌮ࡍࡿࡇ࡜࡛⢏Ꮚᚄศᕸࢆ⟬ฟࡍࡿᡭἲࡢ㛤Ⓨࢆ⾜ࡗࡓࠋࡲࡓࠊᮏ 
ᐃἲ࡟࠾࠸࡚ỿ㝆ἲࡢḞⅬ࡛࠶ࡿ ᐃ᫬㛫ࡢ▷⦰ࡀྍ⬟࠿ࡢ᳨ドࢆ⾜ࡗࡓࠋ 
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1.4 ᮏㄽᩥࡢ┠ⓗ 
ࡇࢀࡲ࡛㏙࡭࡚ࡁࡓࡼ࠺࡟ࠊᑗ᮶ࡢ㣗ᩱ⏕⏘ᛶࡢྥୖࡢࡓࡵ㎰⸆ࡢᯝࡓࡍᙺ๭ࡣ኱ࡁ
ࡃྠࠊ ᫬࡟ࡑࡢ௜ຍ౯್ྥୖࡀᮃࡲࢀ࡚࠸ࡿࠋ㎰⸆ࡢ௜ຍ౯್ྥୖࡢ୍⎔࡜ࡋ࡚ࠊ㎰⸆᭷
ຠᡂศࡢ⢏Ꮚᚄ࡜ࡑࡢ⏕≀Ꮫⓗຠᯝ࡟㛵ࡍࡿ◊✲ࡣྂࡃ࠿ࡽ⾜ࢃࢀ࡚࠸ࡿࡀࠊ〇๣タィ
㠃ࡸ⏕⏘ᛶ࡟㋃ࡳ㎸ࢇࡔ◊✲Ⓨ⾲ࡣ࡯࡜ࢇ࡝ㄆࡵࡽࢀ࡞࠸ࠋ㎰⸆〇๣ᢏ⾡࡟࠾࠸࡚ࡶ⢏
Ꮚไᚚᢏ⾡㛤Ⓨࡀ㐍ࢇ࡛࠸ࡿ࡜⪃࠼ࡽࢀࡿࡀࠊᙜヱᢏ⾡ศ㔝ࡣࣀ࢘ࣁ࢘ⓗ࡞せ⣲ࡶᙉࡃ
ᢏ⾡⛎༏ᛶࡀ㧗࠸ࡇ࡜࠿ࡽࠊࡑࡢ◊✲ᡂᯝࡀබ࡜࡞ࡿࡇ࡜ࡣᑡ࡞࠸ࡇ࡜ࡀ⫼ᬒ࡟࠶ࡿ࡜
⪃࠼ࡽࢀࡿࠋᮏㄽᩥ࡛ࡣࠊ㎰⸆〇๣ࡢ⢏Ꮚᚄศᕸ࡜⏕≀Ꮫຠᯝࡢ㛵ಀ࡟ࡘ࠸࡚ࠊ୕஭໬Ꮫ
࢔ࢢࣟओࡀ๰ฟࡋࡓ㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻࡢỈᛶᠱ⃮ࢰࣝ〇๣ࢆ⏝࠸࡚᫂ࡽ࠿࡟
ࡍࡿࠋ≉࡟༢࡟࣌ࣥࢳ࢜ࣆࣛࢻࡢ⢏Ꮚᚄศᕸ࡟␃ࡲࡽࡎࠊᩓᕸᾮ୰ࡢ࣌ࣥࢳ࢜ࣆࣛࢻ⢏
Ꮚࡢศᩓ≧ែࡀ⏕≀ຠᯝ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚⪃ᐹࡍࡿࠋḟ࡟ࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝࡢຠ
⋡ⓗ࡞〇㐀᪉ἲ࡟ࡘ࠸࡚ࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆ౛࡟࡜ࡾࠊ⏕⏘ᛶࡢ㧗࠸ࣅ࣮
ࢬ࣑ࣝࡢ⢊○᮲௳ࢆ᫂ࡽ࠿࡜ࡍࡿࠋࡉࡽ࡟ࣔࢹࣝ⢏Ꮚ࡜ࡋ࡚ࢩࣜ࢝ࢆ⏝࠸࡚ࠊᾮయࢧ࢖
ࢡࣟࣥࡢᛶ⬟ࢆྥୖࡍࡿ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢタィࢆ᫂ࡽ࠿࡜ࡋࠊ㎰⸆〇๣࡬ࡢᛂ⏝࡟ࡘ
࠸࡚⪃ᐹࡍࡿࠋࡲࡓࠊ≀⌮ⓗព⩏ࡀ᫂☜࡞ỿ㝆ἲࢆཎ⌮࡜ࡍࡿᴟࡵ࡚⡆౽࡞⢏Ꮚᚄศᕸ
 ᐃἲࢆ㛤Ⓨࡋࠊ㎰⸆〇๣ࡢ⢏Ꮚᚄ ᐃࡸ≀ᛶ ᐃ࡬ࡢᛂ⏝ࢆヨࡳࡿࠋ⥲ࡌ࡚ᚓࡽࢀࡓ
◊✲ᡂᯝࢆ㋃ࡲ࠼ࠊ௒ᚋᶵࠊ ⬟ⓗ࡞㎰⸆Ỉᛶᠱ⃮ࢰࣝ㛤Ⓨ࡟㈉⊩ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡍࡿࠋ 
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1.5 ᮏㄽᩥࡢᵓᡂ 
ᮏㄽᩥࡣࠊFig.1-7࡟♧ࡍࡼ࠺࡟ 5❶࠿ࡽᵓᡂࡉࢀ࡚࠸ࡿࠋ 
➨㸯❶࡛ࡣࠊᮏㄽᩥࡢ┠ⓗࠊ᪤ ࡢሗᩥ࡜ࡢ┦㐪࠾ࡼࡧㄽᩥᵓᡂ࡟ࡘ࠸࡚ゎㄝࡋࡓࠋ 
➨ 2 ❶࡛ࡣࠊ㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝ࡟࠾࠸࡚Ⰻዲ࡞᳜≀⑓ᐖ㜵㝖
ຠᯝࡀᚓࡽࢀࡿ⢏Ꮚᚄศᕸࠊ୰఩ᚄ࠾ࡼࡧࡑࡢศᩓ≧ែࢆ᫂☜࡟ࡍࡿࠋ 
➨ 3 ❶࡛ࡣࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆỗ⏝ⓗ࡞ࣅ࣮ࢬ࣑ࣝࢆ⏝࠸࡚ຠ⋡ⓗ࡟〇
㐀ࡍࡿᡭἲࢆ᳨ウࡍࡿࠋࡲࡓࢩࣜ࢝⢏Ꮚࢆࣔࢹࣝ࡟㧗ᛶ⬟࡞ᾮయࢧ࢖ࢡࣟࣥࢆ㛤Ⓨࡋࠊ
㎰⸆Ỉᛶᠱ⃮ࢰࣝ〇㐀࡬ࡢ㐺⏝ࡢྍ⬟ᛶࢆㄽࡌࡿࠋ 
➨ 4 ❶࡛ࡣࠊỿ㝆ἲࢆཎ⌮࡜ࡍࡿࡼࡾ⡆౽࡞⢏Ꮚᚄศᕸ ᐃἲࢆ㛤Ⓨࡋࠊ㎰⸆〇๣ࡢ
⢏Ꮚᚄ ᐃࡸ≀ᛶ ᐃ࡬ࡢᛂ⏝ࡢྍ⬟ᛶࢆㄽࡌࡿࠋ 
➨ 5❶࡛ࡣࠊᮏ◊✲࡛ᚓࡽࢀࡓᡂᯝ࡜⤖ㄽࢆࡲ࡜ࡵࠊ௒ᚋࡢᒎᮃ࡟ࡘ࠸࡚㏙࡭ࡿࠋ 
 
 
Fig. 1-7 Structure of this paper 
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➨ 2❶ ㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻࡢ⢏Ꮚᚄศᕸࡀࡑࡢ⸆ຠ࡟୚࠼ࡿᙳ㡪 
 
 
 
2.1 ⥴ゝ 
㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻ㸦㸦RS㸧-N-[2-㸦1ࠊ3 ࢪ࣓ࢳࣝࣈࢳࣝ㸧-3-ࢳ࢚ࢽࣝ]-1-࣓
ࢳࣝ-3-㸦ࢺࣜࣇ࣓ࣝ࢜ࣟࢳࣝ㸧-1H-ࣆࣛࢰ࣮ࣝ-4-࢝ࣝ࣎࢟ࢧ࣑ࢻ㸧ࡣࠊ୕஭໬Ꮫ࢔ࢢࣟ
ᰴᘧ఍♫ࡀ⊂⮬࡟๰ฟࠊ㛤Ⓨࡋࡓ㎰⸆᭷ຠᡂศ࡛࠶ࡿ 1)ࠋ࣌ࣥࢳ࢜ࣆࣛࢻࡣྛ✀᳜≀⑓ᐖ
࡟ᖜᗈࡃ㧗࠸㜵㝖ຠᯝࢆ♧ࡋࠊ့ஙື≀ࡸ⎔ቃ⏕≀࡟ᑐࡍࡿᏳ඲ᛶࡶ㧗ࡃࠊࡲࡓ⎔ቃ࡟
ᑐࡍࡿ㈇Ⲵࡸኳᩛ➼ࡢ᭷⏝⏕≀࡬ࡢᙳ㡪ࡶᑡ࡞࠸ࡢࡀ≉ᚩ࡛࠶ࡿ 2)ࠋ2008 ᖺࠊᅜෆ࡟࠾
࠸࡚࢔ࣇ࢙ࢵࢺ®ࣇࣟ࢔ࣈࣝ࡜ࡋ࡚ᐇ⏝࡟౪ࡉࢀࠊࡑࡢᚋⰪྥࡅࡢ࢞࢖࢔㢛⢏Ỉ࿴๣ࠊᯝ
ᶞྥࡅࡢࣇ࣮ࣝࢶࢭ࢖ࣂ࣮®࡞࡝ࡀୖᕷࡉࢀࠊᗈࡃ⑓ᐖ㜵㝖࡟⏝࠸ࡽࢀ࡚࠸ࡿࠋ࣌ࣥࢳ࢜
ࣆࣛࢻཎయࡣᖖ ࡛Ỉ㞴⁐ᛶࡢ⤖ᬗᛶᅛయ㸦Ỉ⁐ゎᗘ 7.53 ppm/21Υ㸧࡛࠶ࡾࠊ‵ᘧࡶࡋ
ࡃࡣ஝ᘧ⢊○ࡋࠊ⏺㠃άᛶ๣ࡸᢸయ➼ࡢ⿵ຓ๣ᡂศࢆຍ࠼࡚Ỉᛶᠱ⃮ࢰࣝࡸỈ࿴๣࡜ࡋ
࡚〇๣໬ࡉࢀ࡚࠸ࡿࠋ౛࠼ࡤࠊ࣌ࣥࢳ࢜ࣆࣛࢻࢆ 20%㓄ྜࡋࡓ࢔ࣇ࢙ࢵࢺ®ࣇࣟ࢔ࣈࣝࡣ
‵ᘧ⢊○࡟ࡼࡾỈᛶᠱ⃮ࢰࣝ࡜ࡋ࡚〇๣໬ࡉࢀ࡚࠾ࡾࠊస≀ฎ⌮┤๓࡟Ỉ࡛ᕼ㔘ࡉࢀ࡚
᳜≀య࡟ᩓᕸࡉࢀ⸆ຠࢆⓎ⌧ࡍࡿࠋ 
㏆ᖺࠊ⢊యຍᕤᢏ⾡ࡢ㐍Ṍ࡟క࠸ᵝࠎ࡞ศ㔝࡟࠾࠸࡚ࡑࡢᶵ⬟ࢆ᭱኱໬ࡍࡿࡓࡵ㧗ᗘ
࡞⢏Ꮚᚄศᕸไᚚᢏ⾡ࡀ㛤Ⓨ࣭ᑟධࡉࢀ࡚࠸ࡿࠋ1❶࡟࡚ᴫㄝࡋࡓࡼ࠺࡟ࠊ㎰⸆〇๣ศ㔝
࡟࠾࠸࡚ࡶ⸆ຠࢆ᭱኱໬ࡍࡿࡓࡵ㎰⸆᭷ຠᡂศࡢ⢏Ꮚᚄไᚚࡀྂࡃ࠿ࡽ⾜ࢃࢀ࡚࠾ࡾࠊ
≉࡟Ỉ࡟⁐ࡅ㞴࠸ᅛయ㎰⸆ᡂศࡢ⢏Ꮚᚄ࡜ຠຊࡢ㛵ಀ࡟ࡘ࠸࡚ࡣከࡃࡢሗ࿌ࡀ࠶ࡿ 3-8)ࠋ
୍⯡ⓗ࡟ࠊⱼⴥฎ⌮๣ࡢሙྜ࡟ࡣ᭷ຠᡂศࡢ⢏Ꮚᚄࢆ⣽࠿ࡃࡍࡿ࡜༶ຠᛶࡣ㧗ࡲࡿࡀࠊ
ࡑࡢ཯㠃᭷ຠᡂศࡢᾘኻࡶ᪩ࡃ࡞ࡾṧຠᛶࡀ▷ࡃ࡞ࡿሙྜࡶ࠶ࡾࠊ᭷ຠᡂศࡢ≀⌮໬Ꮫ
ᛶࠊ㐺⏝ሙ㠃ࠊస⏝ᶵᵓ࡞࡝࠿ࡽ᭱㐺⢏ᏊᚄࡀᏑᅾࡍࡿࠋẅ⳦๣࡟㛵ࡋ࡚ࡣࠊ౛࠼ࡤࠊ୰
ᮧࡽࡣ࣌ࣥࢱࣇࣝ࢜ࣟ࣋ࣥࢪࣝ࢔ࣝࢥ࣮ࣝ࡟࠾࠸࡚ 5 μm ௨ୗ࡟ᚤ⢏Ꮚ໬ࡍࡿࡇ࡜࡟ࡼ
ࡾ⸆ຠࡀྥୖࡍࡿࡇ࡜ࢆぢฟࡋ࡚࠸ࡿ 9)ࠋ㏆ᖺ࡛ࡣ㎰⸆⢏Ꮚࡢࢼࣀ⢏Ꮚ໬ࡢᡭἲࡸࡑࡢ
ຠᯝ࡟㛵ࡍࡿ◊✲ࡶሗ࿌ࡉࢀ࡚࠸ࡿ 10-13)ࠋ 
ᮏ❶࡛ࡣࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝ〇๣タィࡢᣦ㔪࡜࡞ࡾ࠺ࡿ▱ぢࢆᚓࡿࡇ࡜ࢆ
┠ⓗ࡟ࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄ࡟ຍ࠼࡚ࠊᚑ᮶ࡢ◊✲࡛ࡣ╔┠ࡉࢀ࡚࠸
࡞࠿ࡗࡓ⢏Ꮚࡢศᩓ≧ែࡀ࡝࠺࠶ࡿ࡭ࡁ࠿ࢆ⢭ᰝࡋࡓࠋ⢏Ꮚᚄࡢᣦᶆ࡜ࡋ࡚ࡣࠊ୰఩ᚄ
㸦D50㸧ࡸᗄఱᶆ‽೫ᕪ σgࢆ⏝࠸࡚␗࡞ࡿ⢏ᏊᚄࢆᣢࡘỈᛶᠱ⃮ࢰࣝࢆㄪ〇ࡋࡓࠋࡉࡽ࡟ࠊ
〇๣ฎ᪉ࡢᙳ㡪ࢆ⢭ᰝࡍ࡭ࡃ⏺㠃άᛶ๣ࡢῧຍ࡟ࡼࡾศᩓᛶࡢ␗࡞ࡿỈᛶᠱ⃮ࢰࣝฎ᪉
ࢆㄪ〇ࡋࠊᐊෆヨ㦂࡛ࡢຠຊẚ㍑ヨ㦂ࢆ⾜ࡗࡓࠋ≉࡟ࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ᭱
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㐺࡞ฎ᪉タィࢆ᫂ࡽ࠿࡟ࡍࡿ࡭ࡃࠊ࣌ࣥࢳ࢜ࣆࣛࢻࡀ㎰⸆Ⓩ㘓ࢆ᭷ࡍࡿ㔜せ⑓ᐖ࡛࠶ࡿ
࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓࡜ࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡜࠸࠺␗࡞ࡗࡓ⑓ᐖ࡟ᑐࡋࠊ࣌ࣥࢳ࢜ࣆࣛࢻࡢ
⢏Ꮚᚄ࠾ࡼࡧ⢏Ꮚࡢศᩓ≧ែࡀ⪏㞵ᛶࠊṧຠᛶ࡜࠸ࡗࡓ⸆๣ࡢᛶ⬟࡟ཬࡰࡍᙳ㡪ࢆẚ㍑
᳨ウࡋࡓࠋ 
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2.2 ᐇ㦂⿦⨨࠾ࡼࡧヨ㦂᪉ἲ 
 
2.2.1 ࣌ࣥࢳ࢜ࣆࣛࢻཎయ࠾ࡼࡧ〇๣⿵ຓ๣ 
࣌ࣥࢳ࢜ࣆࣛࢻཎయࡣ⣧ᗘ 99.7%ࡢᕤᴗ⏝ཎయࢆ⏝࠸ࡓࠋ࣌ࣥࢳ࢜ࣆࣛࢻࡢ໬Ꮫᵓ㐀
ᘧࢆ Fig.2-1 ࡟ࠊ≀⌮໬Ꮫⓗᛶ㉁ࢆ Table 2-1 ࡟♧ࡍࠋ〇๣ࡢ⿵ຓ๣࡛࠶ࡿ࣏ࣜ࢜࢟ࢩ࢚
ࢳࣞࣥࢺࣜࢫࢳࣞࣥ໬ࣇ࢙ࢽ࢚࣮ࣝࢸࣝࣜࣥ㓟࢚ࢫࢸ࣒ࣝ࢝ࣜ࢘ሷ㸦SOPROPHOR FLKࠊ
ࢯࣝ࣋࢖᪥⳹ओ㸧ࠊ࢔ࢭࢳࣞࣥ⣔ࢪ࢔ࣝࢥ࣮ࣝ⤌ᡂ≀㸦SURFYNOL 104PG-50ࠊ࢚࢔࣮ࣉ
ࣟࢲࢡࢶࢪࣕࣃࣥओ㸧ࠊ࠾ࡼࡧ࢔ࣝ࢟ࣝࢼࣇࢱࣞࣥࢫࣝ࣍ࣥ㓟ࢼࢺ࣒ࣜ࢘ሷ࣐࣍ࣝࣜࣥ⦰
ྜ≀㸦Morwet D425ࠊ࢔ࢡࢰࣀ࣮࣋ࣝओ㸧ࡣࡑࢀࡒࢀᕤᴗရࢆ⏝࠸ࡓࠋ 
 
 
Fig.2-1 Chemical structure of penthiopyrad technical 
 
Table 2-1 Physical and chemical properties of penthiopyrad
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2.2.2 ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝ 
࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ〇㐀ࣇ࣮ࣟࢆ Fig.2-2࡟♧ࡍࠋࡲࡎࠊ࣌ࣥࢳ࢜ࣆࣛࢻᕤ
ᴗ⏝ཎయ 5 kgࢆࣁ࣐࣮࣑ࣥࣝ㸦୙஧ࣃ࢘ࢲࣝࢧࣥࣉ࣑ࣝࣝ Kϩ-1ᆺ㸧࡟࡚ࢫࢡ࣮ࣜࣥ 3 
ੈȭࠊࢫࢡ࣮ࣜࣗࣆࢵࢳ 20 ੈࡢ᮲௳ୗ࡛⢊○ࡋࠊ࣌ࣥࢳ࢜ࣆࣛࢻ⢊○ᮎ㸦D50㸸8.7 μmࠊ
σg㸸1.69㸧ࢆᚓࡓࠋḟ࡟ࠊ࣌ࣥࢳ࢜ࣆࣛࢻ⢊○ᮎ࡟⿵ຓ๣ᡂศࢆຍ࠼࡚ࠊࢫ࣮࣮ࣜ࣡ࣥࣔ
ࢱ࣮࡟࡚ᆒ୍࡟ΰྜࡋࡓᚋࠊ‵ᘧ⢊○ᶵࢲ࢖ࣀ࣑ࣝ㸦ࢩ࣐࢚ࣥࣝࣥࢱ࣮ࣉࣛ࢖ࢮࢫओ㸧࠾
ࡼࡧࠊࡲࡓࡣࣜࢧ࣮ࢳࣛ࣎㸦ࢩ࣐࢚ࣥࣝࣥࢱ࣮ࣉࣛ࢖ࢮࢫओ㸧ࡢ࠸ࡎࢀ࠿ࡢ‵ᘧ⢊○ᶵࢆ
⏝࠸࡚␗࡞ࡿ⢊○᮲௳࡟࡚‵ᘧ⢊○ࡍࡿࡇ࡜࡟ࡼࡾ 5 ✀㢮ࡢ␗࡞ࡿ⢏Ꮚᚄศᕸࡢ࣌ࣥࢳ
࢜ࣆࣛࢻࢆ 20%ྵࡴ‵ᘧ⢊○ࢫ࣮ࣛࣜࢆㄪ〇ࡋࡓࠋ 
 
 
Fig. 2-2 Experimental process flow of penthiopyrad suspension concentrate 
 
‵ᘧ⢊○ࢫ࣮ࣛࣜࡢฎ᪉࠾ࡼࡧㄪ〇ἲࢆ Table 2-2࡟♧ࡍࠋ࢔ࢺ࣐࢖ࢨ࣮࡟࡚⢊○ࡋࡓ
࣌ࣥࢳ࢜ࣆࣛࢻཎᮎ࡟⃿ࢀ࣭ศᩓస⏝ࡢ࠶ࡿ࢔ࢽ࢜ࣥᛶ⏺㠃άᛶ๣ SOPROPHOR  FLK 
2.0%ࢆຍ࠼ࠊࡲࡓ⢊○᫬ࡢẼἻࢆᢚไࡍࡿࡓࡵ࡟ᾘἻ๣࡜ࡋ࡚ḟ࡟ SURFYNOL 104PG-
50ࢆ 0.2%㓄ྜࡋࠊቑ㔞๣࡜ࡋ࡚Ỉ࡛඘ᙜࡋࡓฎ᪉࡛࠶ࡿࠋ⢊○᮲௳ 1ࡢ᳨యࡣࠊࡇࡢࢫ
࣮ࣛࣜࢆࢫ࣮࣮ࣜ࣡ࣥࣔࢱ࣮࡛ᆒ୍࡟ΰྜࡍࡿࡇ࡜࡟ࡼࡾㄪ〇ࡋࡓࠋ⢊○᮲௳ 2 ࠾ࡼࡧ
3ࡢ᳨యࡣ Table 2-2 a)࠾ࡼࡧ b)࡟グ㍕ࡢ᮲௳࡟࡚ࢲ࢖ࣀ࣑ࣝࢆ⏝࠸࡚⢊○ࡍࡿࡇ࡜࡟ࡼ
ࡾㄪ〇ࡋࡓࠋࡲࡓࠊ᮲௳ 4࠾ࡼࡧ 3ࡢ᳨యࡣ Table 2-2c)࠾ࡼࡧ d)࡟グ㍕ࡢ᮲௳࡟࡚ࠊࢲ
࢖ࣀ࣑࡛ࣝ⢊○ࡋࡓ᳨యࢆࣜࢧ࣮ࢳࣛ࣎࡟࡚ 2ẁ⢊○ࡍࡿࡇ࡜࡟ࡼࡾᚤ⢊○ࢆ⾜ࡗࡓࠋ 
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Table 2-2 Recipe and preparation methods of penthiopyrad slurry 
 
ࡇࡢ‵ᘧ⢊○ࢫ࣮ࣛࣜࢆ⏝࠸࡚ Table 2-3グ㍕ࡢ AࠊBࡢ 2ฎ᪉࡟࡚࣌ࣥࢳ࢜ࣆࣛࢻࢆ
10%㓄ྜࡋࡓỈᛶᠱ⃮ࢰࣝࢆㄪ〇ࡋࡓࠋฎ᪉ A ࡣ࣌ࣥࢳ࢜ࣆࣛࢻ‵ᘧ⢊○ࢫ࣮ࣛࣜࢆ࢖
࢜ࣥ஺᥮Ỉ࡟࡚ᕼ㔘ࡋࠊ⏺㠃άᛶ๣ࡢ㓄ྜ㔞ࢆᢚ࠼ࡿࡇ࡜࡛จ㞟ᛶࢆ௜୚ࡍࡿࡇ࡜ࢆព
ᅗࡋࡓࡢࡀ≉ᚩ࡛࠶ࡾࠊฎ᪉ B ࡣ‵₶ศᩓຠᯝࡢ࠶ࡿ⏺㠃άᛶ๣㸦࣏ࣜ࢜࢟ࢩ࢚ࢳࣞࣥ
ࢺࣜࢫࢳࣞࣥ໬ࣇ࢙ࢽ࢚࣮ࣝࢸࣝࣜࣥ㓟࢚ࢫࢸ࣒ࣝ࢝ࣜ࢘ሷ㸧ࢆ 9%ቑ㔞ࡋࠊࡲࡓࡉࡽ࡟
ศᩓᏳᐃ໬ຠᯝࡢ࠶ࡿ࢔ࣝ࢟ࣝࢼࣇࢱࣞࣥࢫࣝ࣍ࣥ㓟ࢼࢺ࣒ࣜ࢘ሷ࣐࣍ࣝࣜࣥ⦰ྜ≀ࢆ
ῧຍࡍࡿࡇ࡜࡟ࡼࡾ⢏Ꮚࡢศᩓᛶࡢྥୖࢆពᅗࡋࡓฎ᪉࡛࠶ࡿࠋ 
 
Table 2-3 Recipe of penthiopyrad suspension concentrates 
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2.2.3 ⢏Ꮚᚄศᕸ ᐃ᪉ἲ 
Fraunhofer ᅇᢡ࠾ࡼࡧ Mie ᩓ஘⌮ㄽࢆ฼⏝ࡋࡓ࣮ࣞࢨ࣮ᅇᢡ/ᩓ஘ᘧ⢏Ꮚᚄศᕸ ᐃ⿦
⨨ HORIBA LA-950㸦ᇼሙ〇సᡤ㸦ᰴ㸧〇㸧ࢆ⏝࠸࡚⢏Ꮚᚄศᕸࢆ ᐃࡋࡓࠋ࣌ࣥࢳ࢜ࣆ
ࣛࢻỈᛶᠱ⃮ࢰࣝ 0.5 gࢆ࣏ࣜ࢜࢟ࢩ࢚ࢳࣞࣥࣀࢽࣝࣇ࢙ࢽ࢚࣮ࣝࢸࣝሷ㸦ࢽ࣮ࣗࢥ࣮ࣝ
560ࠊ᪥ᮏங໬๣ओ㸧ࡢ 0.2 w/v%Ỉ⁐ᾮ 100 mLࢆ⏝࠸࡚ศᩓࡉࡏࠊ㉸㡢Ἴศᩓࢆ 5ศ㛫
⾜ࡗࡓ᳨యࢆ LA-950㸦ᒅᢡ⋡ 1.6タᐃ㸧࡟࡚㏱㐣⋡ࡀ⣙ 90%᮲௳࡜࡞ࡿࡼ࠺࡟ῧຍࡋ࡚
 ᐃࡋࡓࠋ 
 
2.2.4 ⑓ᐖ㜵㝖ຠᯝࢆᣦᶆ࡜ࡋࡓ⏕≀ຠᯝホ౯ヨ㦂 
࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ⏕≀ホ౯ヨ㦂ࣇ࣮ࣟࡢᴫᛕᅗࢆ Fig.2-3࡟♧ࡍࠋᮏ◊✲
࡛ࡣࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡜࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓ࡢ 2 ⑓ᐖ࡟ᑐࡍࡿヨసࡋࡓ࣌ࣥࢳ࢜ࣆࣛࢻ
Ỉᛶᠱ⃮ࢰࣝࡢ㜵㝖ຠᯝࢆẚ㍑᳨ウࡋࡓࠋࡲࡓࢺ࣐ࢺ⅊Ⰽ⑓࡟ᑐࡋ࡚ࡣ⸆๣ฎ⌮ᚋࡢ㜵
㝖ຠᯝࡢᣢ⥆ࢆホ౯ࡍࡿṧຠᛶヨ㦂ࢆࠊ࢟ࣗ࢘ࣜ⅊Ⰽ࠿ࡧ⑓࡟ᑐࡋ࡚ࡣ⸆๣ฎ⌮ᚋࡢ㝆
㞵ࡢᙳ㡪ࢆㄪ࡭ࡿ⪏㞵ᛶヨ㦂ࢆࡑࢀࡒࢀᐇ᪋ࡋࠊ⢏Ꮚᚄศᕸ࡞ࡽࡧ࡟⢏Ꮚࡢศᩓ≧ែࡀ
⸆๣ࡢ⸆ຠ࡟୚࠼ࡿᙳ㡪ࢆホ౯ࡋࡓࠋ 
 
Fig. 2-3 Experimental biological efficacy evaluation process flow of penthiopyrad suspension 
concentrate 
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ձ  ࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡟ᑐࡍࡿホ౯ 
౪ヨ᳜≀㸦ࢺ࣐ࢺရ✀㸸኱ᆺ⚟ᑑ㸧ࢆ᧛✀ᚋࠊ」ⴥࡀ 3ᯛᒎ㛤ࡍࡿࡲ࡛᱂ᇵࡋࡓࠋ࣋ࣥ
ࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆᡤᐃࡢ⃰ᗘ㸦100 ppmࠊ20 ppm࠾ࡼࡧ 4 ppm㸧࡜࡞ࡿࡼ࠺࡟ࡑ
ࢀࡒࢀ 1000ಸࠊ5000ಸ࠾ࡼࡧ 25000ಸ࡟⵨␃Ỉ࡟࡚ᕼ㔘ࡋᩓᕸᾮࢆㄪ〇ࡋࡓࠋᩓᕸᾮࢆ
౪ヨ᳜≀࡟༑ศ࡟⸆ᾮࡀ௜╔ࡍࡿࡼ࠺࡟ 10࢔࣮ࣝ࠶ࡓࡾ 200 L┦ᙜ㔞ࡢᩓᕸỈ㔞㸦᳜≀
㸯࣏ࢵࢺ࠶ࡓࡾᩓᕸᾮ 2.5 mL㸧ࢆࢫࣉ࣮ࣞ࢞ࣥ࡟࡚ᩓᕸࡋࠊᇶ♏άᛶホ౯࡛ࡣ㢼஝ᚋ࡟ࠊ
ṧຠᛶホ౯࡛ࡣ⸆๣ᩓᕸ 7᪥ᚋ࡟⅊Ⰽ࠿ࡧ⑓⳦㸦Botrytis cinerea㸧ࢆ᥋✀ࡋࡓࠋ࡞࠾ࠊ᥋
✀࡛ࡣࠊ4106 ಶ/mL ࡜࡞ࡿࡼ࠺࡟ㄪ〇ࡋࡓ⅊Ⰽ࠿ࡧ⑓⳦ࡢศ⏕⬊Ꮚࢆᄇ㟝᥋✀ࡋࡓࠋ
᥋✀ 2㹼3᪥ᚋ࡟ࠊ௨ୗࡢⓎ⑓⛬ᗘࢆㄪᰝࡋࠊEq. (1)࡟࡚㜵㝖౯ࢆ⟬ฟࡋ࡚ホ౯ࡋࡓࠋ 
 
[Ⓨ⑓⛬ᗘ] 
 0: ↓Ⓨ⑓ 
0.1㸸Ⓨ⑓㠃✚ࡀ 3㸣⛬ᗘ 
0.3㸸Ⓨ⑓㠃✚ࡀ 10㸣⛬ᗘ 
0.8㸸Ⓨ⑓㠃✚ࡀ 25㸣⛬ᗘ 
1.5㸸Ⓨ⑓㠃✚ࡀ 50㸣⛬ᗘ 
2  㸸Ⓨ⑓㠃✚ࡀ 70㸣⛬ᗘ 
3  㸸Ⓨ⑓㠃✚ࡀ 95㸣௨ୖ 
 
㹙㜵㝖౯㹛 
㜵㝖౯=100((N-n)/N) [%]                    (1) 
㹌=↓ฎ⌮༊ࡢⓎ⑓⛬ᗘࠊn=ྛ༊ࡢⓎ⑓⛬ᗘ 
 
ࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡟⨶₎ࡋࡓࢺ࣐ࢺࡢ෗┿ࢆ Fig. 2-4࡟♧ࡍࠋࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓ࡢึᮇ
⑕≧࡜ࡋ࡚ࡣࠊⲔⰍ࠸ᩬⅬࡀⓎ⏕ࡋࠊࡑࡢᚋᚎࠎ࡟᳜≀య඲య࡟ᗈࡀࡾᯤṚࡉࡏࡿࠋ 
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Fig.2-4 Symptom of tomato gray mold 
 
 
ղ  ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓࡟ᑐࡍࡿホ౯ 
౪ヨ᳜≀㸦࢟ࣗ࢘ࣜရ✀㸸┦ᶍ༙ⓑ㸧ࢆ᧛✀ᚋࠊᮏⴥࡀ 1ᯛᒎ㛤ࡍࡿࡲ࡛᱂ᇵࡋࡓࠋ࣋
ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆᡤᐃࡢ⃰ᗘ㸦100 ppmࠊ20 ppm࠾ࡼࡧ 4 ppm㸧࡜࡞ࡿࡼ࠺࡟
ࡑࢀࡒࢀ 1000ಸࠊ5000ಸ࠾ࡼࡧ 25000ಸ࡟⵨␃Ỉ࡟࡚ᕼ㔘ࡋᩓᕸᾮࢆㄪ〇ࡋࡓࠋᩓᕸᾮ
ࢆ౪ヨ᳜≀࡟༑ศ࡟⸆ᾮࡀ௜╔ࡍࡿࡼ࠺࡟ 10࢔࣮ࣝ࠶ࡓࡾ 200 L┦ᙜ㔞ࡢᩓᕸỈ㔞㸦᳜
≀㸯࣏ࢵࢺ࠶ࡓࡾᩓᕸᾮ 2.5 mL㸧ࢆࢫࣉ࣮ࣞ࢞ࣥ࡟࡚ᩓᕸࡋࠊ⣙୍᪥㛫⮬↛஝⇱ࡋࡓࠋ 
஝⇱ᚋࠊ㝆㞵༊࡟ࡘ࠸࡚ࡣࠊேᕤ㝆㞵⿦⨨࡟࡚ 80 mm/h ┦ᙜࡢ㝆㞵ฎ⌮ࢆࡋࠊ㝆㞵᮲
௳࡜ࡋࡓࠋᩓᕸ࡞ࡽࡧ࡟㝆㞵ฎ⌮ᚋࡢ౪ヨ᳜≀࡟ࠊ5105 ಶ/mL ࡜࡞ࡿࡼ࠺࡟ㄪ〇ࡋࡓ
࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓⳦㸦Podosphaera xanthii㸧ࡢศ⏕⬊Ꮚࢆᄇ㟝᥋✀ࡋࡓࠋ᥋✀ 7᪥ᚋ࡟
ࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡜ྠᵝࡢᣦᶆ࡟࡚Ⓨ⑓⛬ᗘࢆㄪᰝࡋࠊ㜵㝖౯ࢆホ౯ࡋࡓࠋ 
࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓࡟⨶₎ࡋࡓ࢟ࣗ࢘ࣜࡢ෗┿ࢆ Fig.2-5࡟♧ࡍࠋ࠺࡝ࢇࡇ⑓ࡣ࢝ࣅࡀ
ཎᅉࡢ⑓ᐖ࡛࠶ࡾࠊึᮇ࡟ࡣⓑ࠸ᩬⅬࡀ࡛ࡁⴥ඲య࡟ᗈࡀࡿࡢࡀ≉ᚩ࡛࠶ࡿࠋ⑕≧ࡀ㐍
⾜ࡍࡿ࡜ගྜᡂࡀጉࡆࡽࢀࡿࡓࡵ࢟ࣗ࢘ࣜࡢ⏕⫱ࡀ㜼ᐖࡉࢀࡿࠋ 
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Fig.2-5 Symptom of cucumber powdery mildew 
 
 
2.2.5 ࣌ࣥࢳ࢜ࣆࣛࢻ⢏Ꮚࡢศᩓᛶࡢホ౯ 
ᮏ◊✲࡛ࡣ⢏Ꮚࡢศᩓ≧ែࡀ⏕≀ຠᯝ࡟୚࠼ࡿᙳ㡪ࢆホ౯ࡍࡿࡓࡵ࡟ࠊฎ᪉୰ࡢศᩓ
๣ࡢ㓄ྜ㔞ࡀ኱ࡁࡃ␗࡞ࡿ 2 ✀ࡢ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝฎ᪉ࢆㄪ〇ࡋࡓࠋࡇࡢ 2
ฎ᪉ࡢศᩓᛶࠊจ㞟ᛶ࡟ᕪ␗ࡀ࠶ࡿ࠿ࢆ௨ୗࡢヨ㦂ࢆ⾜࠸ホ౯ࡋࡓࠋ 
ձ 〇๣୰࡛ࡢ⢏Ꮚศᩓࠊจ㞟ᛶࡢẚ㍑ 
ヨ〇ࡋࡓỈᛶᠱ⃮ࢰࣝࢆ࢞ࣛࢫ⎼࡟ᑒධࡋࠊ54Υࡢᜏ ჾ࡟ 7 ᪥㛫ಖ⟶ᚋ࡟⢏Ꮚᚄศ
ᕸࢆ ᐃࡋࡓࠋヨ〇┤ᚋࡢ ᐃ್ࡣ 2 ฎ᪉࡜ࡶ࡟ྠ୍࡛࠶ࡿࡇ࡜࠿ࡽࠊ54Υ⤒᫬ᚋࡢ 
ᐃ್ࢆẚ㍑ࡍࡿࡇ࡜࡟ࡼࡾ⢏Ꮚࡢจ㞟࡟ࡼࡾ⏕ࡌࡿ⢏Ꮚᡂ㛗ᛶࢆホ౯ࡋࡓࠋ⢏Ꮚᚄ ᐃ
ἲࡣ 2.2.3࡟グ㍕ࡢ᪉ἲࢆ⏝࠸ࡓࠋ࡞࠾ࠊಖ⟶ ᗘ࡜ࡋ࡚タᐃࡋࡓ 54Υࡣ㎰⸆ࡢᅜ㝿ⓗ࡞
බᐃἲ࡛࠶ࡿ CIPACἲ࡟࠾࠸࡚㎰⸆〇๣ࡢ㧗 ಖ⟶᫬ࡢヨ㦂 ᗘ࡜ࡋ࡚⏝࠸ࡽࢀ࡚࠸ࡿ
 ᗘ࡛࠶ࡿࠋ 
ղ ᩓᕸᾮ୰࡛ࡢ⢏Ꮚศᩓࠊจ㞟ᛶࡢẚ㍑ 
Ỉᛶᠱ⃮ࢰࣝࡢỈᕼ㔘ᩓᕸᾮ୰࡛ࡢศᩓ≧ែࢆどぬⓗ࡟ᤊ࠼ࡿࡓࡵࠊᩓᕸᾮࡢ௜╔⑞
ࢆほᐹࡋࡓࠋᩓᕸᾮࢆ௜╔ࡉࡏࡿ⾲㠃࡜ࡋ࡚ࡣࠊ᳜≀యࡢࣔࢹࣝ⾲㠃࡜ࡋ࡚ࠊ␯Ỉᛶࡢ
㯮Ⰽࡢ࢔ࢡࣜࣝᯈࢆ⏝࠸ࠊᆒ㉁࡞ᅛయ⾲㠃࡟࠾ࡅࡿ࣌ࣥࢳ࢜ࣆࣛࢻ⢏Ꮚࡢ௜╔≧ែࡀỈ
ᛶᠱ⃮ࢰࣝฎ᪉ࡸ⢏Ꮚᚄศᕸࡢ㐪࠸࡟ࡼࡾࠊ࡝ࡢࡼ࠺࡟ኚ໬ࡍࡿࡢ࠿ࢆẚ㍑᳨ウࡋࡓࠋ
௜╔ࡉࡏࡿ⾲㠃࡜ࡋ࡚ࡣࠊ␯Ỉᛶ⾲㠃ࢆ᝿ᐃࡋ࡚᥋ゐゅ ᐃ࡟ỗ⏝ⓗ࡟౑⏝ࡉࢀ࡚࠸ࡿ
࢔ࢡࣜࣝᯈࢆ⏝࠸ࡓࠋ࢖࢜ࣥ஺᥮Ỉ࡟࡚࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆ 1000 ಸ࡟ᕼ㔘
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ࡋࡓ࣌ࣥࢳ࢜ࣆࣛࢻࢆ 100 ppmྵࡴᠱ⃮ᾮࢆ㯮Ⰽ࢔ࢡࣜࣝᯈ࡟࣐࢖ࢡࣟࣆ࣌ࢵࢺ࡟࡚ṇ
☜࡟ 20 ȣL⁲ୗࡋࠊᖖ ࡟࡚㢼஝ࡉࡏࡓࠋỈศࡢ⵨Ⓨࢆ☜ㄆᚋࠊ࢔ࢡࣜࣝᯈୖࡢᩓᕸᾮ
ࡢ௜╔⑞ࢆࢹࢪࢱ࣐ࣝ࢖ࢡࣟࢫࢥ࣮ࣉ㸦ࢧࣥࢥ࣮〇㸧࡟࡚ 50 ಸ࡟ᣑ኱ࡋ࡚ほᐹࡋࡓࠋ
Fig.2-6࡟௜╔㊧ほᐹヨ㦂ࣇ࣮ࣟᅗࢆ♧ࡍࠋ 
 
 
Fig. 2 6 Experimental flow for observation of adhesion trace on acryl board 
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2.3 ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ 
 
2.3.1 ࣌ࣥࢳ࢜ࣆࣛࢻࢰࣝࡢ⢏Ꮚᚄศᕸ 
Table 2-2࡛♧ࡋࡓ⢊○᮲௳࡟ࡼࡾヨ〇ࡋࡓ࣌ࣥࢳ࢜ࣆࣛࢻ⢊○ࢫ࣮ࣛࣜࡢ⢏Ꮚᚄศᕸ
ࢆ Fig.2-7࡟♧ࡍࠋ⢏Ꮚᚄศᕸࢆホ౯ࡍࡿᣦᶆ࡜ࡋ࡚ࠊయ✚ᇶ‽ࡢ 50%✚⟬ᚄ࡛࠶ࡿ୰఩
ᚄ D50[μm]࠾ࡼࡧ⢏Ꮚᚄศᕸࡢᗈࡀࡾࢆ⾲ࡍᗄఱᶆ‽೫ᕪȪgࢆ⏝࠸ࡓࠋỈᛶᠱ⃮ࢰࣝࡢ
୰఩ᚄࡣձ0.24 μmࠊղ0.30 μmࠊճ1.5 μmࠊմ4.5 μm࠾ࡼࡧյ8.7 μmࡢ 5ẁ㝵࡟ㄪ〇ࡋ
ࡓࠋ࡞࠾ࠊյ8.7 μmࡢ᳨యࡣỈᛶᠱ⃮ࢰࣝヨ〇᫬࡟‵ᘧ⢊○ᕤ⛬ࡀ↓ࡃࠊฎ᪉ A࡟㓄ྜ
ࡉࢀࡿ⏺㠃άᛶ๣ࡢࡳ࡛༑ศศᩓࡉࢀ࡚࠸ࡿ࡜ࡢ᥎ᐹ࠿ࡽฎ᪉ A ࡢࡳホ౯ࢆᐇ᪋ࡋࡓࠋ
ࡲࡓࠊ୰఩ᚄ 0.24 μm࡜ 0.3 μmࡢ᳨య࡟㛵ࡋ࡚ࡣࠊ୰఩ᚄࡣྠ➼࡛࠶ࡿࡀࠊȪgࡀ␗࡞ࡿ
᳨య࡛࠶ࡾࠊࡇࡢ 2 ᳨యࡢ⸆ຠࢆẚ㍑ࡍࡿࡇ࡜࡛⢏Ꮚᚄศᕸࡢᗈࡀࡾ࡜⸆ຠࡢᙳ㡪ࢆホ
౯ࡋࡓࠋ࡞࠾ࠊỈᛶᠱ⃮ࢰࣝࡢ⢏ᏊᚄศᕸࡣࠊAࠊB࠸ࡎࢀࡢฎ᪉࡟࠾࠸࡚ࡶ⏝࠸ࡓ࣌ࣥ
ࢳ࢜ࣆࣛࢻ⢊○ࢫ࣮ࣛࣜ࡜ྠ➼ࡢ್ࢆ♧ࡋࠊ⏺㠃άᛶ๣ῧຍ࡟ࡼࡿึᮇࡢ⢏Ꮚᚄศᕸࡢ
ኚ໬ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 
 
 
Fig. 2-7 Particle size distribution of penthiopyrad slurry 
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2.3.2 Ỉᛶᠱ⃮ࢰࣝࡢ୰఩ᚄ࡜⸆ຠࡢ┦㛵 
࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄ࠾ࡼࡧฎ᪉ࡢᕪ␗ࡀࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡞ࡽࡧ࡟
࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓ࡢ㜵㝖ຠᯝ࡟ཬࡰࡍᙳ㡪ࢆ⸆ຠヨ㦂࡟࡚ホ౯ࡋࡓࠋྛᐇ㦂ࢹ࣮ࢱᩘ
ࡣ 3 ࡛࠶ࡾࠊᅗ୰ࡢ್ࡣᖹᆒ್ࢆ⏝࠸ࠊࢹ࣮ࢱࡢᶆ‽೫ᕪࢆ࢚࣮ࣛࣂ࣮࡟࡚♧ࡋࡓࠋࡲ
ࡓࠊᚓࡽࢀࡓ㜵㝖౯ࡣศᩓศᯒ࡟ࡼࡾ᭷ពᕪ᳨ᐃ㸦p<0.05㸧ࢆᐇ᪋ࡋࠊ᭷ពᕪ࠶ࡾ࡜ุᐃ
ࡉࢀࡓሙྜ࡟ࠊTukeyࡢ HSDࢆ⏝࠸࡚ከ㔜ẚ㍑ࢆ⾜ࡗࡓࠋ࡞࠾ࠊྠ୍᮲௳ୗ࡟࡚ከ㔜ẚ
㍑ࡋࡓ⤖ᯝࢆࠊྛ⩌࡟௜グࡋࡓ࢔ࣝࣇ࢓࣋ࢵࢺ࡛♧ࡋࠊ␗ᩥᏐ㛫࡛ࡣ᭷ពᕪࡀ࠶ࡿࡇ࡜
ࢆ⾲ࡋ࡚࠸ࡿࠋ 
ձ ࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡟ᑐࡍࡿᇶ♏άᛶࡢホ౯ 
ฎ᪉ A ࠾ࡼࡧ B ࡟࠾࠸࡚ྛ୰఩ᚄࡢ᳨యࢆ⵨␃Ỉ࡟࡚ᕼ㔘ࡋࠊ࣌ࣥࢳ࢜ࣆࣛࢻ⃰ᗘ
100 ppmࠊ20 ppm࠾ࡼࡧ 4 ppm࡟࡚ฎ⌮ࡋࠊ㢼஝ᚋ࡟᥋✀ࡋࡓሙྜࡢ⸆ຠࢆホ౯ࡋࡓ⤖
ᯝࢆ Fig.2-8࡟♧ࡋࡓࠋ࣌ࣥࢳ࢜ࣆࣛࢻࡣࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡟ᑐࡋ࡚㧗࠸άᛶࢆ᭷ࡋ࡚࠾
ࡾࠊᕷሙ࡛ᐇ㝿࡟౑⏝ࡉࢀ࡚࠸ࡿᐇ⏝⃰ᗘ࡛࠶ࡿ 100ppm࡛ࡣⰋዲ࡞㜵㝖ຠᯝࢆ♧ࡋࠊ࠸
ࡎࢀࡢ୰఩ᚄࢆᣢࡘ᳨య࡟࠾࠸࡚ࡶ༑ศ࡞㜵㝖ຠᯝࡀㄆࡵࡽࢀࡓࠋ 
୍᪉࡛ࠊฎ⌮⃰ᗘࡢపୗ࡟క࠸㜵㝖౯ࡢపୗࡀほᐹࡉࢀࡿ࡜࡜ࡶ࡟ࠊ᪤ ࡢ◊✲࠿ࡽ
ண᝿ࡉࢀࡿࡼ࠺࡟୰఩ᚄࡀᑠࡉ࡞᳨య࡯࡝㜵㝖ຠᯝࡀ㧗࠸ഴྥࡀㄆࡵࡽࢀࡓࠋฎ᪉㛫࡟
࠾࠸࡚ࡶ㜵㝖ຠᯝࡢ⢏Ꮚᚄศᕸࡢ౫Ꮡ࡟ࢃࡎ࠿࡟ᕪ␗ࡀㄆࡵࡽࢀࡓࠋࡍ࡞ࢃࡕࠊฎ᪉㛫
ࡢẚ㍑࡛ࡣศᩓᛶࡢⰋዲ࡞ฎ᪉ Bࡢᇶ♏άᛶࡀฎ᪉ A࡜ẚ㍑ࡋ࡚ప⃰ᗘฎ⌮࡟࠾࠸࡚ᚤ
⣽࡞⢏Ꮚᚄࡢ㡿ᇦ࡛㧗࠸ഴྥࢆ♧ࡋࠊ≉࡟୰఩ᚄ 0.24 μm ࡜ 0.30 μm ࡢ᳨యࡢฎ⌮༊࡛
ࡣࠊฎ⌮⃰ᗘ 4 ppmࡢ᮲௳ୗ࡛᭷ព࡞ᕪࢆ♧ࡋࡓࠋࡇࢀࡣฎ᪉ B࡛ࡣศᩓᛶࡀⰋዲ࡛࠶
ࡾࠊ㎰⸆⢏Ꮚࡢ⢏Ꮚᩘࡀከࡃ࡞ࡾࠊ᳜≀యࡢ⾲㠃ࢆᗈࡃそ࠺ࡇ࡜࠿ࡽప⃰ᗘᩓᕸ࡟࠾࠸
࡚ࡶ⑓ཎ⳦࡜ࡢ᥋ゐ☜⋡ࡀ㧗ࡃ࡞ࡿࡓࡵ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ୍᪉࡛ࠊฎ᪉ A ࡛ࡣࠊศ
ᩓᛶࡀຎࡿࡇ࡜࠿ࡽᕼ㔘ᾮ୰࡛ᚤ⣽࡞⢏Ꮚࡀจ㞟ࡍࡿࡓࡵᚤ⣽໬࡟ࡼࡿ㜵㝖ຠᯝࡢྥୖ
ࡀไ㝈ࡉࢀࡿࡓࡵ࡛ࡣ࡞࠸࠿࡜⪃࠼ࡽࢀࡓࠋ 
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Fig. 2-8 Control efficacy of penthiopyrad against gray mold 1 day after application 
 
ղ ࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡟ᑐࡍࡿṧຠᛶࡢホ౯ 
ࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡟ᑐࡍࡿṧຠᛶࢆホ౯ࡋࡓ⤖ᯝࢆ Fig.2-9 ࡟♧ࡍࠋࡇࡇ࡛ṧຠᛶࡣࠊ
⸆๣ฎ⌮ 7 ᪥ᚋࡢ㜵㝖౯ࢆ⸆๣ฎ⌮┤ᚋࡢ㜵㝖౯࡟࡚㝖ࡋࡓ್ࡢⓒศ⋡࡛࠶ࡾࠊึᮇࡢ
⸆ຠ࡟ᑐࡍࡿຠᯝࡢῶ⾶ࡢ๭ྜࢆ♧ࡋ࡚࠸ࡿࠋࡲࡎࠊᐇ⏝ฎ⌮⃰ᗘ࡛࠶ࡿ 100 ppm ࡢヨ
㦂༊࡛ࡣࠊฎ᪉ Aࡢ 100 ppmฎ⌮༊࡛ࡣࠊ୰఩ᚄ 8.7 μm࡟࠾࠸࡚ṧຠᛶࡀ኱ࡁࡃపୗࡍ
ࡿഴྥࢆ♧ࡋ࡚࠸ࡿࡶࡢࡢᕼⷧ⃰ᗘ࡛ࡣ㢧ⴭ࡞ᕪ␗ࡀㄆࡵࡽࢀ࡞࠸ࡇ࡜࠿ࡽࠊᩓᕸ᫬࡟
⸆๣ࡀ୙ᆒ୍࡟௜╔ࡋࡓᚓ౪࡜᥎ᐹࡋࡓࠋ20 ppmฎ⌮༊࡟࠾࠸࡚ࡣࠊ⢏Ꮚᚄ࡟ࡼࡿṧຠ
ᛶ࡟᫂☜࡞ഴྥࡣㄆࡵࡽࢀࡎࠊ≉࡟ 4 ppm ฎ⌮༊࡛ࡣ࠸ࡎࢀࡢ᳨యࡶ⸆ຠࢆ♧ࡉ࡞࠿ࡗ
ࡓࡇ࡜࠿ࡽࠊ⢏Ꮚᚄ࡟ࡼࡿ᫂☜࡞㜵㝖ຠᯝࡢᕪ␗ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 
୍᪉ࠊฎ᪉ B ࡛ࡣࠊ100 ppm ฎ⌮༊࡟࠾࠸࡚ࡣྛ⢏Ꮚᚄ㛫࡛᫂☜࡞ᕪ␗ࡀㄆࡵࡽࢀ࡞
࠿ࡗࡓࡢ࡟ᑐࡋࠊ20 ppm࠾ࡼࡧ 4 ppmฎ⌮༊࡛ࡣࠊ᭱ࡶ⢏Ꮚᚄࡀᑠࡉ࠸୰఩ᚄ 0.24 μm
ࡢ᳨యࡀ≉␗ⓗ࡟Ⰻዲ࡞ṧຠᛶࢆ♧ࡋࡓࠋ୰఩ᚄ 0.24 μm࡜ 0.30 μmࡢ᳨యࡢ୰఩ᚄࡣ࡯
ࡰྠ➼࡛࠶ࡿࡀࠊσgࡀ␗࡞ࡿ᳨య࡛࠶ࡿࠋฎ᪉ B࡛ࡣࠊ20 ppm࠾ࡼࡧ 4 ppmฎ⌮࡟࠾࠸
࡚୰఩ᚄ 0.24 μmࡢ᳨యࡀ 0.30 μmࡢ᳨యࡼࡾࡶ㧗࠸ṧຠᛶࢆ♧ࡋࡓࠋࡇࡢࡇ࡜࠿ࡽࠊᚤ
⢏Ꮚࡢẚ⋡ࡀ㧗࠸࡯࡝ṧຠᛶࡀྥୖࡍࡿഴྥࡀ♧၀ࡉࢀࡓࠋ 
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ṧຠᛶࡢపୗࡣගศゎ࡞࡝࡟ࡼࡿ⤒᫬ⓗ࡞࣌ࣥࢳ࢜ࣆࣛࢻࡢᩓᕸᚋࡢῶ⾶ࡀཎᅉ࡛࠶
ࡿ࡜᥎ᐹࡉࢀࠊࡲࡓࠊῶ⾶㏿ᗘࡣ⢏Ꮚᚄ࡟౫Ꮡࡋ࡞࠸࡜⪃࠼ࡽࢀࡿࠋࡇࡢࡇ࡜࠿ࡽࠊከࡃ
ࡢ࣌ࣥࢳ࢜ࢳࣛࢻ⢏Ꮚࡀ᳜≀య࡟௜╔࣭⿕そࡋࠊ⑓ཎ⳦࡜᥋ゐ☜⋡ࡀ㧗࠸ሙྜࠊࡍ࡞ࢃࡕ
ᚤ⣽࡞⢏Ꮚᚄࡢ᳨య࡟࠾࠸࡚Ⰻዲ࡞ṧຠᛶࢆ♧ࡍ࡜⪃࠼ࡽࢀࡿࠋ 
 
  
Fig. 2-9 Residual efficacy of penthiopyrad against gray mold 7 days after application 
 
ճ  ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓࡟ᑐࡍࡿᇶ♏άᛶࡢホ౯ 
࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢฎ᪉࠾ࡼࡧ⢏Ꮚᚄศᕸࡀ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓ࡢ㜵㝖ຠ
ᯝ࡟ཬࡰࡍᙳ㡪ࢆ࣏ࢵࢺヨ㦂࡟ࡼࡾホ౯ࡋࡓࠋฎ᪉ A࠾ࡼࡧ B࡟࠾࠸࡚ྛ୰఩ᚄࡢ᳨య
ࢆ࣌ࣥࢳ࢜ࣆࣛࢻ⃰ᗘ 100 ppmࠊ20 ppm࠾ࡼࡧ 4 ppm࡟࡚ฎ⌮ࡋࠊ㝆㞵ࢆ⾜ࢃ࡞࠸ฎ⌮
༊ࡢ⸆ຠࢆホ౯ࡋࡓ⤖ᯝࢆ Fig.2-10 ࡟♧ࡍࠋ౪ヨࡋࡓ࠸ࡎࢀࡢᩓᕸ⃰ᗘࠊࢰࣝࡢ୰఩ᚄ
࠾ࡼࡧฎ᪉࡟౫ࡽࡎࠊ㧗࠸άᛶࢆ♧ࡋࡓࠋࡇࢀࡣࠊ࣌ࣥࢳ࢜ࣆࣛࢻࡀ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓
࡟ᑐࡋ࡚㠀ᖖ࡟㧗࠸άᛶࢆ᭷ࡋ࡚࠸ࡿࡓࡵࠊᚤ㔞ࡢ⸆๣ฎ⌮࡟࠾࠸࡚ࡶ༑ศ࡞ຠᯝࡀᚓ
ࡽࢀࡿࡓࡵ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
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Fig. 2-10 Control efficacy of penthiopyrad against powdery mildew 
 
մ ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓ࢆᣦᶆ࡜ࡋࡓ⪏㞵ᛶࡢホ౯ 
ᇶ♏άᛶヨ㦂࡜ྠᵝ࡟⸆๣ࢆฎ⌮ࡋࠊ⸆ᾮࢆ㢼஝ᚋ࡟ேᕤ㝆㞵⿦⨨࡟࡚ 80 mm/h┦ᙜࡢ
㝆㞵ฎ⌮ᚋࡢ⸆ຠ㸦⪏㞵ᛶ㸧ࢆホ౯ࡋࡓ⤖ᯝࢆ Fig.2-11࡟♧ࡍࠋฎ᪉ A࡛ࡣࠊᩓᕸ⃰ᗘ 100 
ppm ࡢ᮲௳࡟࠾࠸࡚ࠊ୰఩ᚄ 8.7 μm ࡢ᳨యࡢ㜵㝖౯ࡀࡑࡢ௚ࡢᚤ⣽࡞⢏Ꮚᚄศᕸࢆᣢࡘ
ࢧࣥࣉࣝࡼࡾࡶ㧗ࡃࠊⰋዲ࡞⪏㞵ᛶࢆ♧ࡋࡓ୍ࠋ ᪉ࠊฎ⌮⃰ᗘ 20 ppm࠾ࡼࡧ 4 ppm࡛ࡣࠊ
୰఩ᚄ 0.24 μmࠊ0.30 μm࡜ᚤ⣽࡞㡿ᇦ࠾ࡼࡧ୰఩ᚄ 8.7 μm࡜⢒኱࡞㡿ᇦ࡛㧗࠸⪏㞵ᛶࢆ
♧ࡍ୍᪉࡛୰఩ᚄ 4.5μm࠾ࡼࡧ 1.5 μm࡟࠾࠸࡚⪏㞵ᛶࡢపୗࡀㄆࡵࡽࢀࡓࠋࡇࢀࡣฎ᪉
A࡛ࡣࠊศᩓ๣ࡢ㓄ྜ㔞ࡀᑡ࡞࠸ࡓࡵ⢏Ꮚࡢจ㞟ᛶࡀᙉࡃࠊᚤ⣽⢏Ꮚࡀ᳜≀⾲㠃࡛จ㞟య
ࢆᙧᡂࡍࡿࡇ࡜࡛㝆㞵࡟ࡼࡿὶஸࢆపῶࡋ࡚࠸ࡿࡓࡵ࡜⪃࠼ࡽࢀࡓࠋ 
ฎ᪉ Bࡣ⃿ࢀ࣭ศᩓᡂศࡀ㐣๫࡟㓄ྜࡉࢀ࡚࠸ࡿࡓࡵࠊ㝆㞵࡟ࡼࡾⴥ㠃࡟௜╔ࡋࡓ⸆๣
ࡀ෌ศᩓࡋࡸࡍ࠸ᙳ㡪ࡢࡓࡵ࠿ྠࠊ ୍⃰ᗘ㛫࡛ẚ㍑ࡋࡓሙྜࡢฎ᪉ Aࡼࡾࡶ㜵㝖ຠᯝࡀప
࠸ഴྥࡀㄆࡵࡽࢀࡓࠋࡲࡓࠊฎ᪉ A ࡢࡼ࠺࡟⢏Ꮚᚄศᕸ࡟ࡼࡿ᫂☜࡞ᕪ␗ࡣㄆࡵࡽࢀࡎࠊ
ࢹ࣮ࢱࡢ᣺ࢀࡀ኱ࡁ࠸ഴྥ࡟࠶ࡗࡓࠋࡇࢀࡣࠊ⃿ࢀ࣭ศᩓ࡟ᐤ୚ࡍࡿᡂศࡀከ࠸ࡓࡵ⢏Ꮚ
ᚄࡢᙳ㡪ࡼࡾࡶ㝆㞵ࡢⴥ㠃࡬ࡢ᥋ゐࡢ≧ἣ࡞࡝࡟ᙉࡃᙳ㡪ࢆཷࡅࡿࡓࡵ࡛࠶ࡿ࡜᥎ᐹࡉ
ࢀࡿࠋ 
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Fig. 2-11 Control efficacy of penthiopyrad against powdery mildew after rainfall 
 
ୖグձ㹼մ࡟࡚ᚓࡽࢀࡓ㜵㝖౯ࡢ࠺ࡕࠊ࣌ࣥࢳ࢜ࣆࣛࢻࢆᐇ⏝⃰ᗘ 100ppm ࡟࡚ฎ⌮ࡋ
ࡓ⤖ᯝࢆᩚ⌮ࡋࡓᅗࢆ Fig.2-12 ࡟♧ࡍࠋᐇ⏝⃰ᗘฎ⌮࡟࠾ࡅࡿࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓㸦ᅗ୰࡛
ࡣ GM࡜⾲グ㸧ࠊ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓㸦ᅗ୰࡛ࡣ PM࡜⾲グ㸧࡟ᑐࡍࡿ⸆ຠࡣࠊฎ᪉࠾ࡼࡧ
⢏Ꮚᚄ࡟ࡼࡽࡎᐇ⏝ᛶ㧗࠸ຠᯝࢆ♧ࡍࡇ࡜ࡀࢃ࠿ࡿࠋࡲࡓᐇ⏝⃰ᗘฎ⌮࡟࠾ࡅࡿ࢟ࣗ࢘ࣜ
࠺࡝ࢇࡇ⑓ࡢ⪏㞵ᛶࡣศᩓ࣭⃿ࢀຠᯝࡢ࠶ࡿ⏺㠃άᛶ๣ࢆ༑ศ㔞ྵࡴฎ᪉ B ࡢຠᯝࡀᏳᐃ
ࡋ࡞࠸ഴྥࢆ♧ࡍ୍᪉࡛ฎ᪉ A ࡛ࡣ୰఩ᚄࡀ 4.5ȣm ࡼࡾࡶᑠࡉ࡞㡿ᇦ࡛ࡣ኱ࡁ࡞ᕪ␗ࡣ
ㄆࡵࡽࢀࡎᏳᐃ࡞ഴྥࢆ♧ࡋࡓࠋࡲࡓࠊ࣌ࣥࢳ࢜ࣆࣛࢻࢆᕼⷧ⃰ᗘ 4 ppm ࡟࡚ฎ⌮ࡋࡓ⤖
ᯝࢆᩚ⌮ࡋࡓᅗࢆ Fig.2-13 ࡟♧ࡍࠋᕼⷧ⃰ᗘ࡟࠾࠸࡚ࡶ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓ࡢ⸆ຠࡣฎ᪉
࠾ࡼࡧ⢏Ꮚᚄ࡟ࡼࡽࡎᐇ⏝ᛶ㧗࠸ຠᯝࢆ♧ࡋࡓࠋ୍᪉ࠊࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓ࡢຠᯝࡣ୰఩ᚄ
ࡀᑠࡉ࠸࡯࡝Ⰻዲ࡞ഴྥ࡛࠶ࡗࡓࠋࡲࡓࠊ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓ࡢ⪏㞵ᛶࡣศᩓᛶ࡟ຎࡿฎ
᪉ A ࡢࢧࣈ࣑ࢡࣟࣥ㡿ᇦ࡛ྥୖࡋࡓࡢ࡟ᑐࡋ࡚ࠊࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓ࡢṧຠᛶࡣศᩓᛶⰋዲ
࡞ฎ᪉ Bࡢࢧࣈ࣑ࢡࣟࣥ㡿ᇦ࡛ྥୖࡋࡓࠋ 
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Fig. 2-12 Summary of control efficacy of penthiopyrad in case of practical concentration 
 
Fig. 2-13 Summary of control efficacy of penthiopyrad in case of lean concentration 
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2.3.3 ౪ヨ〇๣ฎ᪉ࡢ⢏Ꮚᡂ㛗ᛶࡢホ౯ 
࣌ࣥࢳ࢜ࣆࣛࢻࡢ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓࡟ᑐࡍࡿ⪏㞵ᛶ࠾ࡼࡧࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡟ᑐࡍ
ࡿṧຠᛶࡣࠊᩓᕸᚋࡢ⢏Ꮚࡢศᩓ≧ែ࠾ࡼࡧศᩓ⢏Ꮚࡢ᳜≀࡬ࡢ௜╔ࡢ≧ែ࡟ᙳ㡪ࢆཷ
ࡅࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ୍ࠋ ᪉ࠊฎ᪉ AࠊBඹ࡟ึᮇࡢỈᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄศᕸࡣྠ➼࡛
࠶ࡿࡇ࡜࠿ࡽࠊ⤒᫬ⓗ࡞จ㞟ᛶࠊỈᕼ㔘᫬ࡸᩓᕸᾮࡢ஝⇱᫬ࡢ࣌ࣥࢳ࢜ࣆࣛࢻ⢏Ꮚࡢศ
ᩓ≧ែࡢ┦㐪࠾ࡼࡧࡑࢀ࡟⏤᮶ࡍࡿ⢏Ꮚࡢ᳜≀య⾲㠃࡬ࡢ௜╔≧ែࡀ㜵㝖ຠᯝࡢⰋྰ࡟
ᙳ㡪ࢆ୚࠼ࡿ࡜⪃࠼ࡽࢀࡓࠋࡑࡇ࡛ࠊฎ᪉ A࠾ࡼࡧ B࡟࠾ࡅࡿ⢏Ꮚࡢศᩓᛶࢆ〇๣୰ࡢ
⢏Ꮚࡢ㧗 ಖ⟶࡟࠾ࡅࡿ⢏Ꮚᡂ㛗ᛶ࡞ࡽࡧ࡟Ỉᛶᠱ⃮ࢰࣝࡢỈᕼ㔘ᾮࡢ௜╔⑞ࡢ≧ែࢆ
ほᐹࡍࡿࡇ࡜࡟ࡼࡾホ౯ࡋࡓࠋ 
ձ 〇๣୰࡛ࡢ⢏Ꮚᡂ㛗ᛶ 
ヨ〇ࡋࡓỈᛶᠱ⃮ࢰࣝࢆ 54℃ࡢ᮲௳ୗ࡟࠾࠸࡚ 7᪥㛫ಖ⟶ࡋࠊ⢏Ꮚᚄศᕸࡢኚ໬ࢆホ
౯ࡋࡓࠋTable 2-4 ࡟ヨ㦂⤖ᯝࢆ♧ࡍࠋ7 ᪥㛫⤒᫬ᚋࡢ୰఩ᚄࡢ್ࢆึᮇࡢ୰఩ᚄࡢ್࡛
㝖ࡋࡓ್ࢆኚ໬⋡࡜ᐃ⩏ࡋࠊ⢏Ꮚᡂ㛗ᛶࡢ᭷↓ࢆホ౯ࡋࡓࠋࡲࡓ Fig.2-14࡟ฎ᪉ A࡜ฎ
᪉ B ࡢኚ໬⋡ࢆどぬⓗ࡟♧ࡋࡓᅗࢆ♧ࡍࠋ࠸ࡎࢀࡢฎ᪉࡟࠾࠸࡚ࡶẚ㍑ⓗ⢒኱࡞୰఩ᚄ
ࡀ 8.7 μm࠾ࡼࡧ 4.5 μmࡢ᳨య࡛ࡣ࡯࡜ࢇ࡝୰఩ᚄࡢኚ໬ࡀㄆࡵࡽࢀࡎࠊኚ໬⋡ࡢ್ࡀ 1
࡟㏆࠸್࡛࠶ࡗࡓࡢ࡟ᑐࡋࠊ୰఩ᚄ 1.5 μmࠊ0.30 μmࡢ᳨య࡛ࡣኚ໬⋡ࡢ್ࡀ኱ࡁࡃࠊ⢏
Ꮚᡂ㛗ࡢഴྥࡀㄆࡵࡽࢀࡓࠋࡲࡓࠊ୰఩ᚄ 0.24 μmࡢ᳨య࡟࠾ࡅࡿኚ໬⋡ࡣ 0.30 μmࡢ᳨
య࡜ẚ㍑ࡋ࡚ᑠࡉ࠸ࡀࠊσgࡢ್ࡀ 0.3 μmࡢ᳨యࡼࡾࡶ኱ࡁࡃኚ໬ࡋ࡚࠾ࡾࠊ⢒኱࡞⢏Ꮚ
ࡀቑຍࡋ࡚⢏Ꮚᚄࡢศᕸᖜࡣᗈࡀࡿഴྥ࡟࠶ࡿࡇ࡜ࡀࢃ࠿ࡿࠋฎ᪉㛫ࡢẚ㍑࡛ࡣࠊ⏺㠃
άᛶ๣ࡢ㓄ྜ㔞ࡢᑡ࡞࠸ฎ᪉ A࡟ᑐࡋ࡚ฎ᪉ Bࡢ⢏Ꮚᡂ㛗⋡ࡣ⦆ࡸ࠿࡛࠶ࡾࠊᙜึࡢ≺
࠸࡜࠾ࡾ࡟ฎ᪉ Bࡢศᩓᛶࡣฎ᪉ Aࡼࡾࡶ㧗࠸ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ 
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Table 2-4  Change of particle size distribution after aging storage at 54Υ during 2 weeks 
 
 
 
Fig.2-14 Comparison of Change rate between Recipe A and Recipe B 
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ղ ᩓᕸᾮ௜╔⑞ࡢ㢧ᚤ㙾ほᐹ 
ฎ᪉ Aࡢほᐹ⤖ᯝࢆ Fig. 2-15࡟ࠊฎ᪉ Bࡢほᐹ⤖ᯝࢆ Fig. 2-16࡟♧ࡍࠋࡲࡓࠊࡑࢀࡒ
ࢀࡢ௜╔≧ែࢆᶍᘧⓗ࡟⾲ࡋࡓᅗࡶ௜グࡋࡓࠋ 
 
 
Fig. 2-15 Deposit of recipe A delusion water on acryl board 
 
Fig. 2-16 Deposit of recipe B delusion water on acryl board 
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ẚ㍑ⓗ⢒኱࡞୰఩ᚄ 8.7 μmࡢᩓᕸᾮࡢ௜╔⑞࡛ࡣࠊ┠ど࡛ࡶほᐹ࡛ࡁࡿࡼ࠺࡞⢒኱࡞
ཎయ⢏Ꮚࡀ௜╔⑞࡟Ⅼᅾࡍࡿࡢࡀほᐹࡉࢀࡓࠋ୰఩ᚄ 1.5 μmᩓᕸᾮࡢ௜╔⑞࡟ࡘ࠸࡚ࡣࠊ
ฎ᪉ A࡟࠾࠸୍࡚㒊⢒኱⢏ᏊࡢỿẊࡀㄆࡵࡽࢀࡓࡢ࡜ẚ㍑ࡋࠊฎ᪉ B࡛ࡣ୙᫂☜࡛࠶ࡿ
ࡶࡢࡢỈ⁲࠿ࡽࡢỈࡢ⵨Ⓨ࡟ࡼࡾ⏕ࡌࡓᾮ⁲ෆࡢὶࢀ࡟ἢࡗ࡚Ỉ⁲ࡢ⦕ࡢ㒊ศ࡟ỿ㝆⢏
Ꮚࡀ㞟✚ࡋࡓ࠸ࢃࡺࡿࢥ࣮ࣄ࣮ࣜࣥࢢࡢᙧᡂࡀほᐹࡉࢀࠊࣜࣥࢢࡢ୰ࡢจ㞟⢏ᏊࡢỿẊ
ࡣῶᑡࡋࡓࠋ୰఩ᚄ 0.24 μmࡢᩓᕸᾮࡢ௜╔⑞࡛ࡣฎ᪉ AࠊBඹ࡟ࢥ࣮ࣄ࣮ࣜࣥࢢࡀ᫂☜
࡟ᙧᡂࡉࢀࡿഴྥࡀㄆࡵࡽࢀࡓࡀࠊฎ᪉ A ࡛ࡣࣜࣥࢢ࿘㎶ࢆ୰ᚰ࡟⢏Ꮚࡢจ㞟య࡜ࡳࡽ
ࢀࡿẚ㍑ⓗ⢒኱࡞⢏ᏊࡢỿẊࡶㄆࡵࡽࢀࡓࠋࡲࡓࠊฎ᪉ B ࡛ࡣࣜࣥࢢ⌜ࡢᙧᡂࡀㄆࡵࡽ
ࢀࡿ୍᪉࡛ࠊฎ᪉ A ࡼࡾࡶࣜࣥࢢ⌜ࡣ୙᫂░࡛࠶ࡾࠊࣜࣥࢢ⌜࡬ࡢ⢏Ꮚࡢ㞟✚㔞ࡀẚ㍑
ⓗᑡ࡞ࡃࣜࣥࢢෆ㒊࡟⢏Ꮚࡀᆒ୍࡟ศᕸࡉࢀ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋࡍ࡞ࢃࡕ⏺㠃ά
ᛶ๣ࡢ㓄ྜ㔞ࡢᑡ࡞࠸ฎ᪉ A ࡢศᩓᾮ୰࡛ࡣᩓᕸᚋࡢỈ⁲୰࡛⢏Ꮚࡢจ㞟ࡀᙧᡂࡉࢀࠊ
จ㞟య࡜ࡋ࡚ỿẊ㞟✚ࡋࡘࡘࠊࢥ࣮ࣄ࣮ࣜࣥࢢࢆᙧᡂࡍࡿഴྥ࡟࠶ࡗࡓ୍ࠋ ᪉࡛ࠊฎ᪉ B
࡛ࡣ⢏Ꮚࡢศᩓ≧ែࡀⰋዲ࡛࠶ࡾࠊỈ⁲ࡀ஝⇱ࡍࡿ㛫㝿ࡲ࡛ศᩓ≧ែࡀಖࡓࢀࠊ⤖ᯝ࡜
ࡋ࡚ᆒ୍ศᕸࢆ࿊ࡍࡿ௜╔⑞ࡀᙧᡂࡉࢀࡿ࡜⪃࠼ࡽࢀࡓࠋ 
࣌ࣥࢳ࢜ࣆࣛࢻࡢ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓࡟ᑐࡍࡿ⪏㞵ᛶࡣࠊ⢏Ꮚᚄࡀ⢒኱࡛࠶ࡿ㡿ᇦ࡞
ࡽࡧ࡟⏺㠃άᛶ๣ࡢ㓄ྜ㔞ࡀᑡ࡞࠸ฎ᪉ A ࡛Ⰻዲ࡛࠶ࡿഴྥࢆ♧ࡋ࡚࠸ࡓࠋ㝆㞵࡟ࡼࡿ
⸆๣ࡢຠᯝࡀῶᑡࡍࡿཎᅉࡣ୺࡜ࡋ࡚᳜≀⾲㠃࡟௜╔ࡋ࡚࠸ࡓ⸆๣ࡀ㝆㞵࡟ࡼࡾὶஸࡍ
ࡿࡇ࡜࡟౫ࡿ࡜⪃࠼ࡽࢀࡿࠋ⢒኱࡞⢏ᏊࡣỈ࡬ࡢ⁐ゎ㏿ᗘࡀ㐜ࡃ࡞ࡾࠊ⪏㞵ᛶࡀⰋዲ࡜
࡞ࡿࡇ࡜ࡀ᝿ᐃࡉࢀࠊᐇ㝿୰఩ᚄ 8.7 μmࡢ᳨యࡀⰋዲ࡞⪏㞵ᛶࢆ♧ࡋࡓࠋ୍᪉ࠊ୰఩ᚄ
ࡀ 0.24 μmࠊ0.30 μm࡜࠸ࡗࡓᚤ⣽࡞᳨య࡛ࡣࠊࢥ࣮ࣄ࣮ࣜࣥࢢ࡬ࡢ⢏Ꮚࡢ㞟✚ࡸỈ୰࡛
จ㞟ࡋࡓ⢏ᏊࡀỿẊࡍࡿࡇ࡜࡟ࡼࡾࠊỈ࡬ࡢ⁐ゎศᩓ㏿ᗘࢆᢚไ࡛ࡁࠊ⤖ᯝ࡜ࡋ࡚⪏㞵
ᛶࡀྥୖࡋ࡚࠸ࡿࡇ࡜ࡀ᥎ᐹࡉࢀࡓࠋᐇ㝿ࠊ࣌ࣥࢳ࢜ࣆࣛࢻࡀẚ㍑࡞᮲௳ୗ࡛ࡣ⏺㠃ά
ᛶ๣ࡢ㓄ྜ㔞ࡀᑡ࡞ࡃࠊจ㞟ഴྥࡀᙉ࠸ฎ᪉ A࡟࠾ࡅࡿᚤ⣽⢏Ꮚࡢ⪏㞵ᛶࡀฎ᪉ B࡜ẚ
㍑ࡋ࡚㧗࠸ഴྥࡀㄆࡵࡽࢀࡓ୍ࠋ ᪉ࠊࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡟ᑐࡍࡿάᛶ࡟㛵ࡋ࡚ࡣࠊศᩓᛶ
ࡢඃࢀࡓฎ᪉ B ࡟࠾࠸࡚ᚤ⣽࡞⢏Ꮚࠊࡍ࡞ࢃࡕẚ⾲㠃✚ࡢ኱ࡁ࡞᳨య࡟࠾࠸࡚ඃࢀࡓ⸆
ຠࢆ♧ࡍഴྥࡀㄆࡵࡽࢀࡓࠋ 
௨ୖࡢ⤖ᯝࢆ㋃ࡲ࠼࡚ࠊᐇ⏝ⓗ࡞࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄ࡟ࡘ࠸࡚⪃ᐹ
ࡍࡿࠋࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓ࡢ㜵㝖ຠᯝ࡟ࡘ࠸࡚ࡣࠊศᩓᛶࡀⰋዲ࡞ฎ᪉ B ࡟࠾࠸࡚ᚤ⣽࡞
⢏Ꮚᚄࢆᣢࡘ᳨య࡟࠾࠸࡚㧗࠸㜵㝖ຠᯝࢆᚓࡽࢀࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡲࡓ࢟ࣗ࢘
ࣜ࠺࡝ࢇࡇ⑓ࡢ⪏㞵ᛶ࡟ࡘ࠸࡚ࡣࠊ⢒኱࡞⢏Ꮚᚄࠊ࠾ࡼࡧฎ᪉ A ࡟࡚ᚤ⣽࡞⢏Ꮚࢆᩓᕸ
ᾮ୰࡛จ㞟ࡉࡏࡓሙྜ࡟Ⰻዲ࡞ຠᯝࡀᚓࡽࢀࡿഴྥ࡛࠶ࡗࡓࠋ࣌ࣥࢳ࢜ࣆࣛࢻࡣ᳜≀య
࡟ྲྀࡾ㎸ࡲࢀࡿࡇ࡜࡞ࡃࠊ᳜≀య⾲㠃࡟⥔ᣢࡉࢀ࡚⸆ຠࢆⓎ᥹ࡍࡿࡇ࡜࠿ࡽࠊ࣌ࣥࢳ࢜
㻌42 
 
ࣆࣛࢻࡢ⌮᝿ⓗ࡞௜╔≧ែࡣࠊᚤ⣽࡞⢏Ꮚࡀᆒ୍࡟௜╔ࡍࡿ࡜ྠ᫬࡟㐺ᗘࡢ๭ྜ࡛จ㞟
ࢆᙧᡂࡋ࡚࠸ࡿ≧ែ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋࡍ࡞ࢃࡕᩓᕸᾮ㊧࡟᫂☜࡟ࢥ࣮ࣄ࣮ࣜࣥࢢࢆ
ᙧᡂࡋࠊ࠿ࡘࡑࡢෆ㒊࡟ᚤ⣽⢏ᏊࡀᏑᅾࡍࡿ≧ែ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋࡲࡓࠊᩓᕸᾮࡀⴥ
㠃࡟௜╔ࡋࠊ஝⇱ᚋࡢ⌮᝿ⓗ࡞⢏ᏊᚄศᕸࡣࠊFig.2-17࡟♧ࡍࡼ࠺࡟ࢧࣈ࣑ࢡࣟࣥ㡿ᇦ࡜
10 μm ㏆㎶ࡢ⢒኱㡿ᇦ࡟⢏Ꮚᚄศᕸࢆᣢࡘ≧ែ࡛࠶ࡾࠊࡇࡢࡼ࠺࡞ศᕸࡀᚓࡽࢀࡿࡼ࠺
࡟⏺㠃άᛶ๣ࡢ㓄ྜ㔞ࢆ㑅ᢤࡍࡿࡢࡀຠᯝⓗ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
࡞࠾ࠊࡇࢀࡽࡢຠᯝࡢᕪ␗ࡣᐇ⏝ฎ⌮⃰ᗘ࡛ࡣ᫂☜࡞ᕪ␗ࡀㄆࡵࡽࢀ࡞࠸ࡀࠊ࣌ࣥࢳ
࢜ࣆࣛࢻᕼⷧ࡞㡿ᇦ࡛᭷ព࡞ᕪࡀ࠶ࡾࠊ୰఩ᚄࡢࡳ࡞ࡽࡎᩓᕸᾮ࡛ࡢ⢏Ꮚࡢศᩓᛶࡢไ
ᚚࢆ⪃៖ࡋࡓฎ᪉タィࢆ⾜࠺ࡇ࡜࡛ࠊ࣌ࣥࢳ࢜ࣆࣛࢻࡢ᭷ຠฎ⌮⃰ᗘࡢపῶࡍ࡞ࢃࡕ㜵
㝖ࢥࢫࢺపῶࡢྍ⬟ᛶࢆ♧ࡋ࡚࠸ࡿࠋ୍᪉࡛ࠊᕤᴗ໬࡟࠾࠸࡚ࡣจ㞟ᛶࡢ௜୚ࡣ〇๣ရ
㉁ࡢపୗࠊࡍ࡞ࢃࡕಖᏑᏳᐃᛶࡢຎ໬ࡢࣜࢫࢡࡀ࠶ࡿࡇ࡜ࠊࢧࣈ࣑ࢡࣟࣥ㡿ᇦࡲ࡛ࡢ⢊
○࡟ࡼࡿ〇㐀ࢥࢫࢺୖ᪼ࢆ⪃៖ࡋࡓ⢏Ꮚᚄࢆ㑅ᢥࡍࡿᚲせࡀ࠶ࡿࠋ 
 
 
Fig. 2-17 Conceptual diagram of ideal particle size distribution on the leaves 
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2.4 ⤖ゝ 
࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝ࡟࠾ࡅࡿ࣌ࣥࢳ࢜ࣆࣛࢻࡢ⢏Ꮚᚄศᕸࡀ᳜≀⑓ᐖ࡟ᑐࡍ
ࡿ⸆ຠ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ࠊ⢏Ꮚᚄ࠾ࡼࡧ⢏Ꮚࡢศᩓ≧ែࡢ␗࡞ࡿ᳨య㛫࡛ࡢ⸆ຠホ
౯࠾ࡼࡧࡑࡢ௜╔⑞ࡢほᐹࢆ⾜࠸ࠊ௨ୗࡢ▱ぢࢆᚓࡓࠋ 
(1) ࣌ࣥࢳ࢜ࣆࣛࢻࡢᐇ⏝⃰ᗘ 100 ppmࡢᩓᕸ࡛ࡣ࠸ࡎࢀࡢ⢏Ꮚᚄࠊฎ᪉࡟࠾࠸࡚ࡶⰋ
ዲ࡞㜵㝖ຠᯝࢆ♧ࡋࡓࠋ 
(2) ࣌ࣥࢳ࢜ࣆࣛࢻࡢᕼⷧ⃰ᗘ㸦20 ppmࠊ4 ppm㸧ࡢᩓᕸ࡟࠾࠸࡚ࡣࠊࢧࣈ࣑ࢡࣟࣥࡲ
࡛⢊○ࡋࡓ⢏Ꮚ࡟ᛂࡌ࡚㧗࠸㜵㝖ຠᯝࢆ♧ࡍഴྥࢆ♧ࡋࡓࠋࡲࡓࠊࡑࡢ㜵㝖ຠᯝࡣ〇๣
ࡢศᩓᛶ࡟ᙳ㡪ࢆཷࡅࡿࡇ࡜ࡀุ᫂ࡋࡓࠋศᩓᛶࡀప࠸ሙྜ࡟ࡣ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓ࡢ
⸆ຠࡀྥୖࡍࡿഴྥࢆ♧ࡋࠊศᩓᛶࡀⰋዲࡢሙྜࡣࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓ࡢ㜵㝖ຠᯝࡀ㧗ࡃ
࡞ࡿഴྥࢆ♧ࡋࡓࠋ 
(3) ᩓᕸᾮ௜╔⑞ࡢほᐹ࠿ࡽࠊศᩓᛶࡀຎࡿฎ᪉࡟࠾ࡅࡿࢧࣈ࣑ࢡࣟࣥ⢏Ꮚࡢ⪏㞵ᛶࡢ
ྥୖࡣᚤ⣽⢏Ꮚࡢจ㞟࣭㞟✚࡟ࡼࡿỈ⁐ゎ㏿ᗘࡢపୗ࡟࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋࡍ࡞ࢃࡕ᫂
☜࡞ࣜࣥࢢ⌜ࢆᙧᡂࡋࡘࡘࠊࣜࣥࢢ⌜ෆ࡟ᚤ⣽⢏Ꮚࡀᆒ୍࡟ศᕸࡋࡓ≧ែࡀ⌮᝿ⓗ࡞௜
╔≧ែ࡛࠶ࡿ࡜᥎ᐹࡉࢀࡿࠋ 
(4) ࣌ࣥࢳ࢜ࣆࣛࢻࡢỈᛶᠱ⃮ࢰࣝࡣ୰఩ᚄࡢࡳ࡞ࡽࡎࠊᩓᕸᾮ࡛ࡢ⢏Ꮚࡢศᩓᛶࡢไ
ᚚࢆ⪃៖ࡋࡓฎ᪉タィࡀᚲせ࡛࠶ࡿࠋ 
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౑⏝グྕ 
D50 : Mean diameter [μm] 
N  : Severity of untreated control [–] 
n  : Severity of treated plot [–] 
p  : Significance level [–] 
σg  : Geometric standard deviation [–] 
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➨ 3❶ ㎰⸆Ỉᛶᠱ⃮ࢰࣝࡢຠ⋡ⓗ࡞⏕⏘᪉ἲࡢ᳨ウ 
 
 
 
3.1 ࡣࡌࡵ࡟ 
㎰⸆ࡢ〇๣ᆺࡢ୍ࡘ࡛࠶ࡿỈᛶᠱ⃮ࢰࣝࡣࠊᚑ᮶ࡢỈ࿴๣ࠊ⢊๣࠾ࡼࡧங๣࡜࠸ࡗࡓ
๣ᆺ࡜ẚ㍑ࡋ࡚ࠊࠕ⢊❧ࡕࡀ↓࠸ ࠖࠊ⁐๣ࢆ౑⏝ࡋ࡚࠸࡞࠸ࡓࡵࠕసᴗ⪅࡬ࡢᏳ඲ᛶࡀ㧗
࠸ࠖ࡞࡝ࡢ࣓ࣜࢵࢺࢆ᭷ࡍࡿࡓࡵୡ⏺୰࡛ᗈࡃᬑཬࡋ࡚࠸ࡿࠋ➨ 2 ❶࡟࠾࠸࡚࣌ࣥࢳ࢜
ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄไᚚ࡜ࡑࡢ⏕≀ຠᯝࡢ┦㛵࡟㛵ࡍࡿ᳨ウࢆ⾜࠸ࠊ୰఩ᚄࡢ
ࡳ࡞ࡽࡎᩓᕸᾮ࡛ࡢ⢏Ꮚࡢศᩓᛶࡢไᚚࢆ⪃៖ࡋࡓฎ᪉タィࢆ⾜࠺ࡇ࡜࡛ࠊ࣌ࣥࢳ࢜ࣆ
ࣛࢻࡢ᭷ຠฎ⌮⃰ᗘࡢపῶࡍ࡞ࢃࡕ㜵㝖ࢥࢫࢺపῶࡢྍ⬟ᛶࢆ♧ࡋࡓࠋ୍᪉࡛ࠊ➨ 1 ❶
࡟࡚♧ࡋࡓࡼ࠺࡟ࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝࢆᑐ㇟࡟ࡋࡓ‵ᘧ⢊○ᕤ⛬ࡢ⏕⏘ᛶ࡟㛵ࡍࡿ◊✲
ᡂᯝࡣࣀ࢘ࣁ࢘ⓗ࡞せ⣲ࢆከศ࡟ྵࡴࡓࡵබ࡜࡞ࡿࡇ࡜ࡣ࡯࡜ࢇ࡝࡞࠸ࡢࡀ⌧≧࡛࠶ࡿࠋ
ࡲࡓࠊᵝࠎ࡞ᴗ⏺࡟࠾࠸࡚⢊○ຠ⋡ࢆྥୖࡉࡏࡿࡓࡵࡢ᪉⟇࡜ࡋ࡚ࠊ⢊○ᕤ⛬࡟ศ⣭ᕤ
⛬ࡀᗈࡃᑟධࡉࢀ࡚࠸ࡿࡀࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝ〇㐀࡟ᑟධࡉࢀࡓ஦౛ࡣ࡯࡜ࢇ࡝ሗ࿌ࡉ
ࢀ࡚࠸࡞࠸ࠋࡑࡇ࡛ࠊᮏ❶࡛ࡣ㎰⸆〇㐀࡟࡚ỗ⏝ⓗ࡟⏝࠸ࡽࢀ࡚࠸ࡿ‵ᘧ⢊○ᶵࣅ࣮ࢬ
࣑ࣝࢆ⏝࠸࡚ࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆຠ⋡ⓗ࡟〇㐀ྍ⬟࡞〇㐀᮲௳ࢆ᫂ࡽ࠿࡟
ࡍࡿࡇ࡜ࢆ┠ⓗ࡟⢊○ヨ㦂ࢆ⾜ࡗࡓࠋࡲࡓࠊࡉࡽ࡞ࡿ⏕⏘ᛶྥୖࢆ┠ⓗ࡟‵ᘧศ⣭ᶵࡢ
ᑟධࢆ᳨ウࡋࡓࠋᑟධࡍࡿ‵ᘧศ⣭ᶵ࡜ࡋ࡚ࡣᵓ㐀ࡀ⡆༢࡛Ᏻ౯࡟ᑟධࡀྍ⬟࡞ᾮయࢧ
࢖ࢡࣟࣥࢆ㑅ᢤࡋࡓࠋ୍᪉ࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝࡢ〇㐀࡟ᑟධࡍࡿࡓࡵ࡟ࡣᾮయࢧ࢖ࢡࣟ
ࣥࡢ᭦࡞ࡿศ⣭ᛶ⬟ࡢྥୖࡀᚲ㡲࡛࠶ࡿࡇ࡜࠿ࡽࠊᾮయࢧ࢖ࢡࣟࣥࡢ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊
ࡢᨵⰋ࡟ࡼࡿศ⣭ᛶ⬟ࡢྥୖࢆ᳨ウࡋࡓࠋ 
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3.2 ࣅ࣮ࢬ࣑ࣝࢆ⏝࠸ࡓຠ⋡ⓗ࡞࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ〇㐀 
 
 
3.2.1 ⥴ゝ 
㎰⸆Ỉᛶᠱ⃮ࢰࣝ〇๣ࡢ〇㐀࡟ࡣ‵ᘧ⢊○ᶵࠊ୰࡛ࡶࣅ࣮ࢬ࣑ࣝࡀᗈࡃ౑⏝ࡉࢀ࡚࠸
ࡿࠋࣅ࣮ࢬ࣑࡛ࣝࡣࠊ᧠ᢾᶵ࡛⌫≧፹య㸦ࣅ࣮ࢬ㸧ࠊᾮయ࠾ࡼࡧ⿕⢊○≀ࢆ⃭ࡋࡃΰྜࡍ
ࡿࡇ࡜࡟ࡼࡾࣅ࣮ࢬࡢ㛫࡛⾪ᧁࠊ๧᩿ࠊᦶ᧿࡞࡝ࡢຊࢆཷࡅ࡚⢊○ࡀ⾜ࢃࢀࡿࠋࣅ࣮ࢬ࣑
ࣝࡣẚ㍑ⓗᐜ᫆࡟⿕⢊○≀ࢆ 3 μm⛬ᗘࡢᚤ⢏Ꮚࡲ࡛⢊○ࡍࡿࡇ࡜ࡀ࡛ࡁࠊࡲࡓ⢊○᮲௳
࡟ࡼࡗ࡚ࡣ 1 μm௨ୗ㸦ࢧࣈ࣑ࢡࣟࣥ㸧ࡢᚤ⢏Ꮚࢆᚓࡿࡇ࡜ࡶ࡛ࡁࡿࡇ࡜࠿ࡽࠊ㎰⸆௨እ
ࡢᕤᴗศ㔝࡛ࡶࡑࡢά⏝ࡀᗈࡀࡗ࡚࠸ࡿࠋ 
ࣅ࣮ࢬ࣑ࣝࡢ⢊○⬟ຊࡣࠊࣅ࣮ࢬࡢ㑅ᢥ㸦ᮦ㉁ࠊ⢏Ꮚᚄ㸧ࠊ⿕⢊○≀ࡢ⢊○ᶵ࡛ࡢ⁫␃
᫬㛫ࠊ᧠ᢾᶵࡢ㏿ᗘ࡞࡝࡟ࡼࡗ࡚ኚࢃࡾࠊࡲࡓ⿕⢊○≀࡜ᾮయ࠿ࡽ࡞ࡿࢫ࣮ࣛࣜࡢᅛᙧ
ศ⃰ᗘࡸ⢓ᗘࡶ⢊○ᛶ࡟ᙳ㡪ࢆ୚࠼ࡿࠋ୍᪉࡛ࠊ➨ 1 ❶࡛㏙࡭ࡓࡼ࠺࡟㎰⸆Ỉᛶᠱ⃮ࢰ
ࣝࢆᑐ㇟࡟ࡋࡓ‵ᘧ⢊○ᕤ⛬ࡢ〇㐀ᛶ࡟㛵ࡍࡿ◊✲ᡂᯝࡣ࡯࡜ࢇ࡝බ࡟࡞ࡗ࡚࠸࡞࠸ࠋ
ࡑࡇ࡛ࠊᮏ⠇࡛ࡣ㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻࡢỈᛶᠱ⃮ࢰࣝ〇๣࡟ࡘ࠸࡚ࠊ‵ᘧ⢊○
ᶵࣅ࣮ࢬ࣑ࣝࢆ⏝࠸ࡓ⢊○ᕤ⛬ࢆຠ⋡໬ࡍࡿࡓࡵࡢ᧯స᮲௳ࡸࢫ࣮ࣛࣜࡢᅛᙧศ⃰ᗘࢆ
᫂☜࡟ࡍࡿࡓࡵ᳨ウࢆ⾜ࡗࡓࠋ 
 
3.2.2 ᐇ㦂⿦⨨࠾ࡼࡧ᪉ἲ 
Fig.3-1 ࡟࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝ⏝ࢫ࣮ࣛࣜࡢ〇㐀ࣇ࣮ࣟࢆ♧ࡍࠋ‵ᘧ⢊○ᶵ࡜
ࡋ࡚ᶓ⨨ࡁᆺࣅ࣮ࢬ࣑࡛ࣝ࠶ࡿࢲ࢖ࣀ࣑ࣝ KD ᆺ㸦ओࢩ࣐࢚ࣥࣝࣥࢱ࣮ࣉࣛ࢖ࢮࢫ〇㸧
ࢆ⏝࠸ࡓࠋ⢊○ヨ㦂࡟ࡣ࣌ࣥࢳ࢜ࣆࣛࢻᕤᴗ໬ฎ᪉ࢆ⏝࠸ࡓࠋࣁ࣐࣮࣑ࣥࣝ࡟࡚ணഛ⢊
○ࢆ⾜ࡗࡓ࣌ࣥࢳ࢜ࣆࣛࢻཎᮎ࡟⏺㠃άᛶ๣ࠊᾘἻ๣࠾ࡼࡧቑ㔞๣࡞࡝ࡢ⿵ຓ๣ᡂศࢆ
ຍ࠼ࠊࢫ࣮࣮ࣜ࣡ࣥࣔࢱ࣮࡟࡚ᨩᢾࡋ࡚ᚓࡽࢀࡓ࣌ࣥࢳ࢜ࣆࣛࢻࢫ࣮ࣛࣜࢆ✀ࠎࡢ᧯స
᮲௳ࡢࢲ࢖ࣀ࣑ࣝ࡟࡚⢊○ࡍࡿࡇ࡜࡟ࡼࡾྛ᮲௳ࡢ⢊○ᛶࢆホ౯ࡋࡓࠋ⢏Ꮚᚄศᕸࡣࠊ
➨ 2 ❶࡟グ㍕ࡋࡓ᮲௳࡟࡚ࠊ࣮ࣞࢨ࣮ᅇᢡ࣭ගᩓ஘ᘧ⢏Ꮚᚄศᕸ ᐃჾ㸦ᇼሙ〇సᡤ〇
LA-950㸧࡟ࡼࡾ ᐃࡋࡓࠋ 
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Fig. 3-1 Experimental setup of milling process for penthiopyrad slurry 
 
 
3.2.3 ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ 
ࣅ࣮ࢬ࣑ࣝࡢ㐠㌿᮲௳ࡀ࣌ࣥࢳ࢜ࣆࣛࢻࢫ࣮ࣛࣜࡢ⢊○ᛶ⬟࡟୚࠼ࡿᙳ㡪ࢆ⢭ᰝࡋࡓࠋ
ࣅ࣮ࢬ࣑ࣝࡢ⢊○ᛶ⬟࡟ᙳ㡪ࡍࡿ᧯స᮲௳ࡣࠊ౛࠼ࡤ⿕⢊○≀ࡢ౪⤥㏿ᗘ㸦⁫␃᫬㛫㸧ࠊ
ࣅ࣮ࢬࡢᮦ㉁࣭⢏Ꮚᚄ࣭඘ሸ⋡ࠊᨩᢾᶵᵓ㸦࣮ࣟࢱ࣮㸧ࡢᅇ㌿ᩘ࣭ᙧ≧ࠊࢫ࣮ࣛࣜࡢ౪⤥
 ᗘ࣭ᅛᙧศ⃰ᗘ࡞࡝ᵝࠎ࠶ࡿ୍ࠋ ᪉࡛ྠࠊ ୍ࡢᶵჾ࡛ከࡃࡢရ┠ࢆ〇㐀ࡍࡿ㎰⸆〇๣ᕤ
ሙࡢሙྜࡣ〇㐀ຠ⋡ࡢపୗࢆᣍࡃࡓࡵࣅ࣮ࢬࡢ᮲௳ࢆኚ᭦ࡍࡿࡇ࡜ࡣᮃࡲࡋࡃ࡞࠸ࠋࡑ
ࡇ࡛ࠊࣅ࣮ࢬ࡜ࡋ࡚ 0.8㹼1 mmφ ࡟ศᕸࢆᣢࡘ࢞ࣛࢫ〇ࣅ࣮ࢬࢆ඘ሸࡋࡓ᮲௳ୗ࡟࠾࠸
࡚ࠊ✀ࠎࡢ⢊○᮲௳ࢆኚືࡉࡏࡓሙྜࡢ⢊○ᛶ⬟ࢆホ౯ࡋࡓࠋ 
ձ ࢫ࣮ࣛࣜᅛᙧศ⃰ᗘ࡞ࡽࡧ࡟ࣅ࣮ࢬ඘ሸ⋡ࡢᙳ㡪 
ࢫ࣮ࣛࣜᅛᙧศ⃰ᗘࡀపࡅࢀࡤ⿕⢊○≀ࡢ⢏Ꮚࡣ☜ᐇ࡟⿵㊊ࡉࢀ࡚⢊○㏿ᗘࡀୖࡀࡿ
࡜⪃࠼ࡽࢀࡿࡀ୍ࠊ ᪉࡛ࠊᅛᙧศ⃰ᗘࡀప࠸ሙྜ࡟ࡣࣅ࣮ࢬ࡜⿕⢊○≀ࡢ᥋ゐ☜⋡ࡀపୗ
ࡍࡿ࡜ࡶ⪃࠼ࡽࢀࡿࡓࡵࠊపᅛᙧศ⃰ᗘࡀᚲࡎࡋࡶⰋ࠸⤖ᯝ࡟࡞ࡿ࡜ࡣゝ࠼ࡎ᭱ࠊ 㐺࡞ᅛ
ᙧศ⃰ᗘࡀᏑᅾࡍࡿ࡜࠸ࢃࢀ࡚࠸ࡿࠋࡲࡓࠊࣅ࣮ࢬ࣑ࣝෆࡢࣅ࣮ࢬࡢᩘࡣ㐠㌿୰ᖖ࡟୍ᐃ
࡛࠶ࡿࡀࠊࢫ࣮ࣛࣜ୰ࡢ⢏Ꮚࡢᩘࡣ⢊○ࡀ㐍ࡴ࡟ࡘࢀ࡚ኚ໬ࡍࡿࡓࡵࠊᐇ㦂ⓗ࡟᭱㐺࡞᮲
௳ࢆぢฟࡍᚲせࡀ⏕ࡌࡿࠋFig.3-2࡟ࢫ࣮ࣛࣜ୰ࡢ࣌ࣥࢳ࢜ࣆࣛࢻ㸦ᅛᙧศ㸧⃰ ᗘࢆ 50%ࠊ
55%ࠊ62%࠾ࡼࡧ 68.5%࡜ኚ໬ࡉࡏࡓሙྜ࡟ࠊ⢊○ᚋ࡟ᚓࡽࢀࡓࢫ࣮ࣛࣜࡢ⢏Ꮚᚄศᕸࢆ
ẚ㍑ࡋࡓᅗࢆ♧ࡍࠋࢫ࣮ࣛࣜ୰ࡢᅛᙧศ⃰ᗘࢆ 68.5%࠿ࡽ 62%ࠊ55%࡜ῶᑡࡉࡏࡿ࡟ࡘࢀ
࡚⢊○≀ࡢ⢏Ꮚᚄศᕸࡀᅗࡢᕥഃ࡟࠶ࡿᚤ⣽㡿ᇦ࡟ࢩࣇࢺࡋࠊ⢊○ຠ⋡ࡀྥୖࡋ࡚࠸ࡿࡢ
ࡀࢃ࠿ࡿࠋ୍᪉࡛ࠊᅛᙧศ⃰ᗘࢆ 50%ࡲ࡛పῶࡍࡿ࡜⢊○ຠ⋡ࡣ㏫࡟పୗࡋ࡚࠾ࡾࠊ62%
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ရ࡜ྠ➼ࡢ⢊○ຠ⋡ࢆ♧ࡋࡓࠋࡇࢀࡣࠊࢫ࣮ࣛࣜ୰ࡢᅛᙧ⢏Ꮚ࡜ࣅ࣮ࢬ࡜ࡢ᥋ゐ☜⋡ࡀప
ୗࡋࡓࡇ࡜࡟ࡼࡾࠊ⢊○ຠ⋡ࡀపୗࡋࡓᙳ㡪࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋࡇࡢ⤖ᯝࠊ᳨ウ࡟⏝࠸
ࡓฎ᪉ᵓᡂ࠾ࡼࡧ⢊○᮲௳࡛ࡣ࣌ࣥࢳ࢜ࣆࣛࢻࡢ⢊○ຠ⋡ࡣᅛᙧศ⃰ᗘ 55%㏆ഐ࡛᭱ࡶ
Ⰻዲ࡞⢊○ຠ⋡ࢆ♧ࡍࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 
Fig.3-2 Effect of solid concentration in slurry on milling efficiency 
 
ղ ࣅ࣮ࢬ඘ሸ⋡ࡢᙳ㡪 
ࢫ࣮ࣛࣜ୰ࡢ⿕⢊○≀ࡣ⢊○ᶵ୰࡟࡚ࣅ࣮ࢬ࡜᥋ゐࡍࡿࡇ࡜࡟ࡼࡾ⢊○ࡉࢀࡿࡇ࡜࠿
ࡽࠊࣅ࣮ࢬ඘ሸ⋡ࢆ㧗ࡵࡿࡇ࡜࡟ࡼࡾ⢊○ຠ⋡ࢆྥୖࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࡿࠋ୍᪉࡛ࠊࣅ
࣮ࢬ඘ሸ⋡ࡀ㧗࠸ሙྜ࡟ࡣࠊࣅ࣮ࢬ࣑ࣝࡢືస᫬ࡢືຊᶵ࡬ࡢ㈇Ⲵࡀ኱ࡁࡃ࡞ࡿࡓࡵὀព
ࡀᚲせ࡛࠶ࡿࠋFig.3-3࡟ࣅ࣮ࢬࡢ඘ሸ⋡ࢆ 80%࠾ࡼࡧ 85㸣࡜ࡋࡓ᮲௳࡟࡚࣌ࣥࢳ࢜ࣆࣛ
ࢻࢫ࣮ࣛࣜࡢ⢊○ᛶࢆホ౯ࡋࡓ⤖ᯝࢆ♧ࡍࠋᮏヨ㦂࡟౑⏝ࡋࡓࢲ࢖ࣀ࣑ࣝ KDᆺ࡟࠾ࡅࡿ
ࣅ࣮ࢬࡢ᭱኱඘ሸ⋡ࡣ 85%࡛࠶ࡿࡀࠊࣅ࣮ࢬ඘ሸ⋡ࢆ 85%࠿ࡽ 80%࡟పῶࡉࡏࡓሙྜ࡟
࠾࠸࡚ࡶᚓࡽࢀࡿ⢊○≀ࡢ⢏Ꮚᚄศᕸࡣ࡯ࡰྠ➼࡛࠶ࡾࠊ⢊○ᛶࡢపୗࡣㄆࡵࡽࢀ࡞࠿ࡗ
ࡓࠋࡲࡓูࠊ ㏵ᐇ᪋ࡋࡓヨ㦂࡟࡚ࣅ࣮ࢬ඘ሸ⋡ࢆ 70%࡜ࡋࡓሙྜ࡟ࡣ⢊○ᛶ⬟ࡀ኱ࡁࡃప
ୗࡍࡿ⤖ᯝࡀᚓࡽࢀࡓࠋࡇࢀࡽࡢ⤖ᯝ࠿ࡽࣅ࣮ࢬ࣑ࣝࡢືస᫬ࡢ㈇Ⲵࢆ⪃៖ࡍࡿ࡜࣌ࣥࢳ
࢜ࣆࣛࢻࢫ࣮ࣛࣜࡢ⢊○࡟ࡣࠊࣅ࣮ࢬ඘ሸ⋡ 80%ࡀᮃࡲࡋ࠸࡜⪃࠼ࡽࢀࡓࠋ 
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Fig. 3-3 Effect of beads charge rate in beads mill on milling efficiency 
 
ճ ⢊○ᶵࡢᅇ㌿ᩘࡀ⢊○ᛶ࡟୚࠼ࡿᙳ㡪 
⢊○ᶵࡢᨩᢾᶵᵓࡢᙧ≧࡜࿘㏿ࡣ⢊○ᛶ⬟࡟ಀࡿ኱ࡁ࡞せᅉࡢ୍ࡘ࡛࠶ࡿࠋ୍⯡ⓗ࡟
◳࠸୍ḟ⢏Ꮚࡢ⢊○ࡸ⤖ྜࡢᙉ࠸จ㞟⢏Ꮚࡢゎ○࡟ࡣ㧗㏿㐠㌿ࡀᮃࡲࡋ࠸࡜࠸ࢃࢀ࡚࠸
ࡿࠋ୍᪉࡛ࠊ㌾ࡽ࠿࠸⢏Ꮚࡢ⢊○࡛ࡣᨩᢾᶵᵓࡢ࿘㏿ࡀ㏿࠸࡜⢏Ꮚ࡟୚࠼ࡿ࢚ࢿࣝࢠ࣮
ࡀᙉࡃ࡞ࡾࡍࡂࡿࡓࡵ࡟෌จ㞟ࢆ⏕ࡌࡿࡇ࡜ࡀ࠶ࡿࠋࡑࡢࡓࡵࠊ⿕⢊○≀ࡸᨩᢾᶵᵓ࡟
ᛂࡌ࡚㐺ษ࡞ᅇ㌿㏿ᗘࢆタᐃࡍࡿᚲせࡀ࠶ࡿࠋᮏᐇ㦂࡛౑⏝ࡋࡓࣅ࣮ࢬ࣑ࣝࡢᨩᢾ⩚᰿
ࡣࢲ࢖ࣀ࣑ࣝ KD ᆺࡢỗ⏝ⓗ࡞ᨩᢾᶵᵓ࡛࠶ࡿᡭ⿬๢ᆺࡢᵓ㐀ࢆ⏝࠸ࡓࠋFig.3-4 ࡟⢊○
ᶵࡢᅇ㌿ᩘࢆ 2000 rpmࠊ2500 rpmࠊ3200 rpm࠾ࡼࡧ 4000 rpm࡜ኚ໬ࡉࡏࡓ⢊○ヨ㦂⤖ᯝ
ࢆ♧ࡍࠋண᝿ࡉࢀࡓ࡜࠾ࡾࠊ⢊○ᶵࡢᅇ㌿ᩘࡀ 2000 rpm࠿ࡽ 2500 rpmࠊ3200 rpm࡜ୖ᪼
ࡍࡿ࡯࡝ࠊࡍ࡞ࢃࡕ࿘㏿ࡀ㏿ࡃ࡞ࡿ࡯࡝⢊○ᛶࡀྥୖࡍࡿഴྥࢆ♧ࡋࡓ୍᪉࡛ࠊᅇ㌿ᩘ
3200 rpm࡜ 4000 rpmࡢ᮲௳㛫࡛ࡣ࡯࡜ࢇ࡝⢊○≀ࡢ⢏Ꮚᚄศᕸ࡟ኚ໬ࡣㄆࡵࡽࢀ࡞࠿ࡗ
ࡓࠋࡼࡗ࡚ᮏ᮲௳࡟࠾ࡅࡿ࣌ࣥࢳ࢜ࣆࣛࢻࢫ࣮ࣛࣜࡢ⢊○࡟࠾࠸࡚ࡣᅇ㌿ᩘ 3200 rpm㏆
㎶࡟᭱㐺್ࡀᏑᅾࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
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Fig. 3-4 Effect of rotation number of beads mill on milling efficiency 
 
մ ࢫ࣮ࣛࣜ౪⤥㏿ᗘࡀ⢊○ᛶ࡟୚࠼ࡿᙳ㡪 
ࢫ࣮ࣛࣜࡢ౪⤥㏿ᗘࢆㄪ⠇ࡍࡿࡇ࡜࡟ࡼࡾࢫ࣮ࣛࣜࡢࣅ࣮ࢬ࣑ࣝෆࡢ⁫␃᫬㛫ࢆኚ໬
ࡉࡏࡓሙྜࡢ⢊○ᛶࢆホ౯ࡋࡓࠋ୍⯡ⓗ࡟⿕⢊○≀ࡀࣅ࣮ࢬ࣑ࣝෆ࡟⁫␃ࡍࡿ᫬㛫ࡀ㛗
ࡃ࡞ࡿ࡯࡝⿕⢊○≀࡜ࣅ࣮ࢬࡢ᥋ゐ☜⋡ࡀ㧗ࡃ࡞ࡿࡓࡵࠊ⢊○ᛶ⬟ࡢྥୖࡀᮇᚅ࡛ࡁࡿࠋ 
Fig.3-5࡟ࢫ࣮ࣛࣜ౪⤥㏿ᗘࢆ 10 kg/hrࠊ20 kg/hrࠊ30 kg/hr࠾ࡼࡧ 40 kg/hr࡜ኚ໬ࡉࡏࡓ
ሙྜ࡟ᚓࡽࢀࡿ⢊○≀ࡢ⢏Ꮚᚄศᕸࢆẚ㍑ࡋࡓᅗࢆ♧ࡍࠋண᝿ࡉࢀࡓ࡜࠾ࡾࠊࢫ࣮ࣛࣜ
౪⤥㏿ᗘࢆపୗࡉࡏࠊࣅ࣮ࢬ࣑ࣝෆࡢࢫ࣮ࣛࣜ⁫␃᫬㛫ࡀୖ᪼ࡍࡿ࡟ࡘࢀ࡚⢊○≀ࡢ⢏
Ꮚᚄศᕸࡀᚤ⢊㡿ᇦ࡟ࢩࣇࢺࡋࠊ୰఩ᚄࡀᑠࡉࡃ࡞ࡗ࡚࠸ࡿ୍ࠋ ᪉࡛ࠊ⢊○ࡀ㐍ࡴ࡯࡝⢏
Ꮚᚄศᕸࡣࣈ࣮ࣟࢻ࡜࡞ࡿഴྥࢆ♧ࡋࡓࠋ 
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Fig. 3-5 Effect of rotation number of beads mill on milling efficiency 
 
௨ୖࡢࡼ࠺࡟ࢲ࢖ࣀ࣑ࣝ KD ᆺࢆ⏝࠸ࡓຠ⋡ⓗ࡞࣌ࣥࢳ࢜ࣆࣛࢻࢫ࣮ࣛࣜࡢ⢊○᮲௳
ࢆ᳨ウࡋࡓ⤖ᯝࠊࢫ࣮ࣛࣜ୰ࡢᅛᙧ⃰ᗘࢆ 55%࡜ࡋࠊ0.8 mm~1.0 mmφ ࢞ࣛࢫࣅ࣮ࢬࢆ
80%඘ሸࡋࠊຍ࠼࡚ᡭ⿬๢ᆺࡢᨩᢾᶵᵓࡢᅇ㌿ᩘࢆ 3200 rpm࡜ࡋࡓ᧯స᮲௳ࡀ᭱㐺᮲௳
ࡢࡦ࡜ࡘ࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡲࡓࠊࡉࡽ࡟ࢫ࣮ࣛࣜࡢ౪⤥㔞ࢆㄪ⠇ࡍࡿࡇ࡜
࡟ࡼࡾᚤ⣽࡞⢏Ꮚᚄศᕸࢆᣢࡘ⢊○≀ࡀᚓࡽࢀࡓࠋ 
յ ⢊○ᶵࣃࢫᅇᩘࡢᙳ㡪 
Fig.3-6 ࡟ྠ୍᧯స᮲௳ୗࡢࣅ࣮ࢬ࣑ࣝ࡟࡚」ᩘᅇࢫ࣮ࣛࣜࢆ⢊○ࡉࡏࡿࣃࢫ᪉ᘧࢆ
᥇⏝ࡋࡓሙྜ࡟ᚓࡽࢀࡿ⢏Ꮚᚄศᕸࡢ୍౛ࢆ♧ࡍࠋࣃࢫᅇᩘࢆቑຍࡍࡿࡇ࡜࡟ࡼࡾࠊࢫ
࣮ࣛࣜࡢ౪⤥㏿ᗘࢆୗࡆࡓヨ㦂⤖ᯝ࡜ྠᵝ࡟࣑ࣝෆࡢ⁫␃᫬㛫ࡀቑຍࡋࠊ⢊○≀ࡢᚤ⣽
໬ࡀ㐍ࡳࠊࣃࢫᅇᩘ 3ᅇࡢ᳨య࡛ࡣ୰఩ᚄ 3 μm௨ୗࡢࢫ࣮ࣛࣜࡀᚓࡽࢀࡓࠋࡲࡓࠊFig.3-
5 ࡟♧ࡋࡓ౪⤥㏿ᗘࢆపୗࡉࡏࡓሙྜ࡜ྠᵝ࡟୰఩ᚄࡣᑠࡉࡃ࡞ࡿࡶࡢࡢ⢏Ꮚᚄࡢศᕸ
ࡣࣈ࣮ࣟࢻ࡜࡞ࡿഴྥࢆ♧ࡋࡓࠋ 
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Fig. 3-6 Effect of rotation number of beads mill on milling efficiency 
 
㎰⸆Ỉᛶᠱ⃮ࢰࣝ〇๣࡛ࡣࠊ㎰⸆᭷ຠᡂศ࡞࡝ࡢᅛᙧᡂศࢆ㎰⸆〇ရࡢ᭷ຠᖺ㝈࡛
࠶ࡿ 3 ᖺ㹼5 ᖺࡢ㛗ᮇ㛫࡟ࢃࡓࡾࠊỈ୰࡟Ᏻᐃࡋ࡚ᠱ⃮ࡉࡏࡿᚲせࡀ࠶ࡿࠋࡑࡢࡓࡵ
Ⰻዲ࡞⤒᫬Ᏻᐃᛶࢆᚓࡿࡓࡵ࡟ࠊᅛᙧᡂศࢆணࡵᚤ⣽໬ࡋ࡚࠾ࡃࡢࡀຠᯝⓗ࡞᪉⟇࡛
࠶ࡿࠋࡑࡢࡓࡵࠊ୍⯡ⓗ࡟ࡣ⢏Ꮚࡢ᭱኱ᚄࢆ 10 μm௨ୗ࡟ࠊᮃࡲࡋࡃࡣ 7 μm௨ୗ࡟
⢊○ࡍࡿࡇ࡜࡟࡞ࡿࠋ➨ 2❶࡟࠾࠸࡚ࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮〇๣ࡢ⏕≀ຠᯝࢆ᭱
኱㝈࡟ᘬࡁฟࡍࡓࡵ࡟ࡣ୰఩ᚄࢆࢧࣈ࣑ࢡࣟࣥ㡿ᇦࡲ࡛⢊○ࡋࠊ㐺ᗘ࡞จ㞟ᛶࢆ௜୚
ࡍࡿࡢࡀຠᯝⓗ࡛࠶ࡿ࡜ࡢ▱ぢࢆᚓࡓࠋᮏ⠇ࡢ᳨ウ⤖ᯝ࠿ࡽࠊỗ⏝ⓗ࡞ࣅ࣮ࢬ࣑ࣝࢆ
⏝࠸࡚ࢧࣈ࣑ࢡࣟࣥ㡿ᇦ࡟୰఩ᚄࡢ⢊○≀ࢆᚓࡿࡢࡣᐜ࡛᫆ࡣ࡞࠸ࡀࠊࣃࢫᅇᩘࡢቑ
ຍࡸᚤ⢊○ࡀྍ⬟࡞㧗ᛶ⬟࡞ࣅ࣮ࢬ࣑ࣝࡢᑟධࡋࡓ 2ẁ⢊○ࢆ⾜࠺࡞࡝ࡢᑐ⟇ࢆ⾜࠼
ࡤᚤ⣽࡞⢏Ꮚᚄศᕸࢆᣢࡘࢫ࣮ࣛࣜࡢ⏕⏘ࡀྍ⬟࡜࡞ࡿぢ㏻ࡋࡀᚓࡽࢀࡓࠋ 
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3.3 㧗ᛶ⬟ᾮయࢧ࢖ࢡࣟࣥࡢ㛤Ⓨ࠾ࡼࡧ㎰⸆Ỉᛶᠱ⃮ࢰࣝ࡬ࡢᛂ⏝ 
 
3.3.1 ⥴ゝ 
‵ᘧศ⣭ᶵࡢ୰࡛ࡶ≉࡟ᾮయࢧ࢖ࢡࣟࣥࡣࠊᵓ㐀ࡀ༢⣧࡛పࢥࢫࢺ࡛タィ࣭㐠⏝࡛ࡁ
ࡿࡓࡵࠊᅛᾮὶయࡢศ㞳ࡸศ⣭⿦⨨࡜ࡋ࡚ᗈࡃ౑⏝ࡉࢀ࡚࠸ࡿࠋ㏆ᖺࠊᾮయࢧ࢖ࢡࣟࣥ࡬
ࡢྍື࢞࢖ࢻᯈࠊࡽࡏࢇୖࡢὶධཱྀࡢᑟධ࣭ᨵⰋࠊࡉࡽ࡟ࢫ࣮ࣛࣜ ᗘࢆୖ᪼ࡍࡿࡇ࡜࡟
ࡼࡗ࡚ࠊ50%ศ㞳ᚄ 5ࠥ30 μmࡢ㧗⢭ᗘศ⣭ࡀྍ⬟࡜࡞ࡗ࡚࠸ࡿ 1ࠊ2)ࠋ౛࠼ࡤࠊྜྷ⏣ࡽࡣ
ࡽࡏࢇ≧ࡢὶධཱྀࢆタࡅࡓᾮయࢧ࢖ࢡࣟࣥࢆ⏝࠸ࡿࡇ࡜࡟ࡼࡗ࡚ࠊᚑ᮶ࡢ᥋⥺᪉ྥ࡬ࡢ
ὶධ࡜ẚ㍑ࡋ࡚ࠊศ⣭ᛶ⬟ࡀྥୖࡍࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿࠋࡲࡓࠊࢫ࣮ࣛࣜ౪⤥ ᗘࡀୖ
᪼ࡍࡿࡇ࡜࡟ࡼࡾࠊᾮయ⢓ᗘࡀపୗࡍࡿࡓࡵࠊ౪⤥ࢫ࣮ࣛࣜ ᗘࡢୖ᪼࡟కࡗ࡚ᾮయࢧ
࢖ࢡࣟࣥࡢศ㞳ᚄࡀᑠࡉࡃ࡞ࡿࡇ࡜ࢆሗ࿌ࡋ࡚࠸ࡿ 2)ࠋࡲࡓࠊྜྷ⏣ࡽࡣࠊࣈ࣮ࣟ࢔ࢵࣉ࠾
ࡼࡧ࢔ࣥࢲ࣮ࣇ࣮ࣟࡢ୧᪉ࡢᡭἲࢆ౑⏝ࡋ࡚ࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟഃࡢᚤ⢏Ꮚ㔞ࢆ࢔ࣥࢲ࣮
ࣇ࣮ࣟࡢẚ⋡ᮍ‶࡟ᢚ࠼ࡿࡇ࡜ࡀ࡛ࡁࡿࡇ࡜ࢆぢฟࡋ࡚࠸ࡿ 3)ࠋ1❶࡛㏙࡭ࡓࡼ࠺࡟ࠊࡇ
ࡢ௚࡟ࡶ࣮࢜ࣂ࣮ࣇ࣮ࣟ㒊ࡢ᭱㐺໬ᵓ㐀࡟㛵ࡍࡿ᳨ウࢆ୰ᚰ࡟ࠊᾮయࢧ࢖ࢡࣟࣥࡢᛶ⬟
ྥୖࡢࡓࡵᵝࠎ࡞◊✲ࡀᐇ᪋ࡉࢀ࡚࠸ࡿ 4)-10)ࠋ 
ᾮయࢧ࢖ࢡࣟࣥࢆ⏝࠸࡚㎰⸆Ỉᛶᠱ⃮ࢰࣝࢆࡣࡌࡵ࡜ࡋࡓࢫ࣮ࣛࣜ⢏Ꮚࢆศ⣭ࡍࡿࡓ
ࡵ࡟ࡣࠊศ⣭ᛶ⬟ࢆࡉࡽ࡟㧗ࡵࡿᚲせࡀ࠶ࡾࠊ⏘ᴗ⏝ᾮయࢧ࢖ࢡࣟࣥࡢ᭱㏆ࡢ㛵ᚰࡣ㐠
㌿᫬ࡢ㧗࠸ศ㞳ᛶ⬟࡜ࡑࡢศ㞳ᚄࡢไᚚ࡟ྥࡅࡽࢀ࡚࠸ࡿࠋྜྷ⏣ࡽࡣࠊ஝ᘧࢧ࢖ࢡࣟࣥ
࡟࠾࠸࡚ᤕ㞟⟽ୖ㒊࡟෇㗹㒊ࢆタ⨨ࡍࡿࡇ࡜࡛㞟ሻຠ⋡ࡀྥୖࡍࡿ࡜ሗ࿌ࡋ࡚࠸ࡿ 11)ࠋ
ᾮయࢧ࢖ࢡࣟࣥ࡟࠾࠸࡚ࡶྠᵝ࡟෇㗹㒊ࢆタ⨨ࡍࡿࡇ࡜࡟ࡼࡿ㞟ሻᛶ⬟ࡢᨵⰋࡀᮇᚅࡉ
ࢀࡿࡀࠊࡇࡢⅬࡣ༑ศ࡟᳨ウࡉࢀ࡚࠸࡞࠿ࡗࡓࠋࡑࡇ࡛ࠊᮏ⠇࡛ࡣᤕ㞟⟽㸦࢔ࣥࢲ࣮ࣇࣟ
࣮㒊㸧ୖ㒊࡟෇㗹㒊ࡸഴᩳࡋࡓቨ㠃ࢆタࡅࡿ࡞࡝ࢧ࢖ࢡࣟࣥෆࡢୗ㝆ὶࢆไᚚࡍࡿᵓ㐀
࡟╔┠ࡋ࡚ᾮయࢧ࢖ࢡࣟࣥࡢᛶ⬟ྥୖࡢྍ⬟ᛶࢆ᳨ウࡋࡓࠋࡲࡓࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝ〇
㐀࡬ࡢ㐺⏝ࡢྍ⬟ᛶ࡟ࡘ࠸࡚⪃ᐹࡋࡓࠋ 
 
3.3.2 ᐇ㦂ᡭἲ 
ձ ᐇ㦂⿦⨨ཬࡧ᪉ἲ 
ᾮయࢧ࢖ࢡ࡛ࣟࣥࡣ⢏Ꮚ࡟స⏝ࡍࡿ㐲ᚰຊࡢ┦㐪ࢆ฼⏝ࡋ࡚ࠊ⢒኱࡞⢏Ꮚࡣୗ㒊࠿ࡽ
࢔ࣥࢲ࣮ࣇ࣮ࣟ࡜ࡋ࡚ᅇ཰ࡋࠊᚤ⣽࡞⢏Ꮚࡣୖ㒊࠿ࡽ࣮࢜ࣂ࣮ࣇ࣮ࣟ࡜ࡋ࡚ᅇ཰ࡍࡿᵓ
㐀࡜࡞ࡗ࡚࠸ࡿࠋᾮయࢧ࢖ࢡ࡛ࣟࣥࡣࠊ஝ᘧࢧ࢖ࢡࣟࣥ࡜␗࡞ࡾࠊᖖ᫬࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊
࠿ࡽ୺ὶ㔞ࡢ⣙ 10㸣㹼20%ࡢὶ㔞๭ྜࢆࣈ࣮ࣟࢲ࢘ࣥࡋࠊࢫ࣮ࣛࣜࢆ᤼ฟࡋ࡚࠸ࡿࠋ 
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Fig.3-7࡟ᮏ◊✲࡛⏝࠸ࡓᐇ㦂⿦⨨ࡢᶍᘧᅗࢆ♧ࡍࠋᾮయࢧ࢖ࢡࣟࣥࡢ┤ᚄࡣ 20mm࡛
࠶ࡾࠊᙉ࠸ᅇ㌿ὶࢆ⏕ᡂࡍࡿࡓࡵ࡟ࠊ2 ✀ࡢὶධ㒊ࢆࢧ࢖ࢡࣟࣥࡢ᥋⥺᪉ྥ࡟ᑟධࡋࡓ
12㸧ࠋ࡞࠾ࠊ2ࡘࡢධཱྀ࡟࠾ࡅࡿᖹᆒධཱྀὶ㏿ࡣྠࡌ್࡟ไᚚࡋࠊࡲࡓ ᗘไᚚ⿦⨨ࢆ⏝࠸
࡚ධཱྀὶయ ᗘࢆ୍ᐃ(40Υ)࡟ಖࡗࡓࠋ 
 
 
 
Fig.3-7 Experimental setup of hydro cyclone 
 
Fig.3-8 ࡟ᮏ◊✲࡛౑⏝ࡋࡓࢧ࢖ࢡࣟࣥࡢᶍᘧᅗࢆ♧ࡍࠋS ᆺࢧ࢖ࢡࣟࣥࡣᶆ‽ࡢᙧ≧
࡛࠶ࡾࠊA ᆺࢧ࢖ࢡࣟࣥࡣ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊࡟ഴᩳࡋࡓቨ㠃ࢆタࡅࡓᨵⰋࢧ࢖ࢡࣟ
࡛ࣥ࠶ࡿࠋࡇࢀࡣࠊഴᩳቨࡢタ⨨࡟ࡼࡾ࢔ࣥࢲ࣮ࣇ࣮ࣟࡢᖹᆒὶ㏿ࢆୖ᪼ࡉࡏࠊ⢏Ꮚࡢᤕ
㞟ຠ⋡ࢆྥୖࡉࡏࡿຠᯝࢆពᅗࡋࡓᨵⰋ࡛࠶ࡿࠋB ᆺࢧ࢖ࢡࣟࣥ࡜ C ᆺࢧ࢖ࢡࣟࣥ࡟ࡣ
ࡑࢀࡒࢀ⢏Ꮚࡢ෌㣕ᩓࢆᢚไࡍࡿ┠ⓗ࡛ࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊࡟␗࡞ࡿᙧ≧ࡢࢭࣥࢱ
࣮ࣟࢵࢻࢆタ⨨ࡋࡓࠋD ᆺࢧ࢖ࢡࣟࣥࡣࠊA ᆺ࡜ C ᆺࡢᨵⰋࢆ⤌ࡳྜࢃࡏࡓᾮయࢧ࢖ࢡ
࡛ࣟࣥ࠶ࡿࠋD ᆺ࡛ࡣࠊഴᩳቨ࡜ࢭࣥࢱ࣮ࣟࢵࢻࡢຠᯝ࡟ࡼࡾ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢୗྥ
ࡁࡢὶయࡢᖹᆒ㏿ᗘࡀ᭱኱࡟࡞ࡿࡓࡵࠊ⢏Ꮚᤕ㞟ຠ⋡ࡶ᭱኱࡟࡞ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
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Fig. 3-8 Various types of hydro cyclones 
 
Fig.3-9࡟ྛࢧ࢖ࢡࣟࣥࡢᑍἲࢆ♧ࡍࠋAᆺࢧ࢖ࢡ࡛ࣟࣥࡣࠊഴᩳቨࡢഴᩳゅᗘȘࢆ 0r
࠿ࡽ 70r࡟ㄪ⠇ࡋ࡚⏝࠸ࡓࠋBᆺࢧ࢖ࢡࣟࣥࡢࢭࣥࢱ࣮ࣟࢵࢻࡢ┤ᚄࡣ 10 mm࡜ 20 mm
ࡢ 2✀ࢆ⏝࠸ࡓࠋࡲࡓࠊCᆺࢧ࢖ࢡࣟࣥ࡟࠾ࡅࡿ෇㗹㒊 Aࡢᗏ㒊ࡢ┤ᚄࡣ 10 mm࠿ࡽ 35 
mm࡟ㄪ⠇ࡋ࡚ホ౯ࡋࡓࠋ 
 
Fig. 3-9 Dimensions of hydro cyclones 
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㒊ศศ㞳ຠ⋡ࡣࠊ௨ୗࡢᘧ࡟ࡼࡾ⟬ฟࡉࢀࡿ㒊ศศ㞳ຠ⋡ Δηࢆ⏝࠸࡚ホ౯ࡋࡓࠋ 
psspcc
pcc
DfmDfm
Dfm
''
' 'K                                            (1) 
ୖグࡢᘧ࡟࠾࠸࡚ࠊmc࠾ࡼࡧ msࡣࠊࡑࢀࡒࢀࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࠾ࡼࡧ࣮࢜ࣂ࣮ࣇ࣮ࣟ
㒊࡟࠾࠸࡚ᤕ㞟ࡉࢀࡓ⢏Ꮚࡢ㔜㔞ࢆ⾲ࡋ࡚࠸ࡿࠋࡲࡓࠊfc࠾ࡼࡧ fsࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊
࠾ࡼࡧ࣮࢜ࣂ࣮ࣇ࣮ࣟ㒊࡟࡚ᤕ㞟ࡉࢀࡓ⢏Ꮚࡢ⢏Ꮚᚄศᕸࢆ⾲ࡋ࡚࠸ࡿࠋ⢏Ꮚᚄศᕸࡣ
࣮ࣞࢨ࣮ᅇᢡ࣭ගᩓ஘ᘧ⢏Ꮚᚄศᕸ ᐃჾ㸦ᇼሙ〇సᡤ〇 LA-950㸧ࢆ⏝࠸࡚ ᐃࡋࡓࠋ
ヨ㦂⢏Ꮚࡢ⢏Ꮚᚄศᕸࢆ Fig.3-10 ࡟♧ࡍࠋヨ㦂⢊య࡜ࡋ࡚ 0.6ࠥ6 μm ࡢ⢏Ꮚᚄศᕸࢆ᭷
ࡍࡿ⌫ᙧࢩࣜ࢝⢏Ꮚࢆ⏝࠸ࠊ0.5 w/w%ࡢỈᛶᠱ⃮ࢫ࣮ࣛࣜ࡜ࡋ࡚ศ⣭ヨ㦂࡟౪ヨࡋࡓࠋ 
 
 
Fig. 3-10 Particle size distribution of test particle 
 
ճ  ᩘ್ィ⟬ 
ᮏ◊✲࡛ࡣࠊNavier-Stokes᪉⛬ᘧࢆᅽຊ㹼㏿ᗘἲࢆ⏝࠸࡚ 3ḟඖࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ
⾜࠸ᾮయࢧ࢖ࢡࣟࣥࡢ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢタィࡀὶື࠾ࡼࡧᚤ⢏Ꮚࡢᣲື࡟ཬࡰࡍᙳ㡪
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ࢆ᳨ウࡋࡓࠋࢧ࢖ࢡࣟࣥෆࡢࡼ࠺࡟ᙉ࠸᪕ᅇሙ࡟࠾࠸࡚ k㹼ε ࣔࢹࣝࢆ⏝࠸ࡓሙྜ࡟ࡣࠊ
᪕ᅇ㏿ᗘᡂศࡀ๛యᅇ㌿࡜࡞ࡾṇࡋࡃ᥎ᐃ࡛ࡁ࡞࠸ࠋࡑࡇ࡛ࠊᮏ◊✲࡛ࡣࡇࡢⅬࡢᨵⰋ
ࡀᮇᚅࡉࢀࠊ஘ὶࣔࢹࣝࡼࡾࡶ௬ᐃࡀᑡ࡞࠸┤ㄝἲࢆ⏝࠸ࡓࠋTable 3-1ࡣ㏿ᗘሙࡢィ⟬
࡟⏝࠸ࡓᇶ♏ᘧ࡛࠶ࡿࠋ㐠ື᪉⛬ᘧࡣ r, z,θ ᪉ྥࡢ 3 ࡘࡢ᪉⛬ᘧࢆࠊᚑᒓኚᩘࢆ φ ࡜ࡋ
୍࡚⯡໬ࡋ࡚⾲ࡋࡓࡶࡢ࡛࠶ࡾࠊSφࡣ 3ࡘࡢ᪉⛬ᘧࡑࢀࡒࢀ࡟≉᭷ࡢ㡯࡛࠶ࡿࠋィ⟬࡟
㝿ࡋࠊ₇⟬᫬㛫ࢆ▷⦰ࡍࡿࡓࡵ࡟ึᮇ࡟ᐃᖖἲࢆ⏝࠸ࠊ࠶ࡿ⛬ᗘゎࡀ཰᮰ࡋࡓᚋ࡟㠀ᐃ
ᖖἲࢆ⏝࠸࡚཰᮰ゎࢆᚓࡓࠋ㞳ᩓ໬ᡭἲ࡜ࡋ࡚ࡣࡲࡓࠊPatankar et al.࡟ࡼࡗ࡚㛤Ⓨࡉࢀ
ࡓಖᏑ๎ࢆ☜ᐇ࡟‶ࡓࡍ㞳ᩓ໬ᘧࢆᚓࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿ᭷㝈య✚ἲࢆ⏝࠸࡚ࢩ࣑ࣗࣞ
࣮ࢩ࡛ࣙࣥ౑⏝ࡋࡓ 6㸧ࠋᑐὶ㡯ࡢホ౯࡛ࡣࠊ3ḟ⢭ᗘࡢἙᮧἲࢆ฼⏝ࡋࡓࠋቃ⏺᮲௳࡜ࡋ
࡚ࠊὶయࡢ㏿ᗘᡂศࡣࡍ࡭࡚ࡢቨ㡿ᇦ࡟࠾࠸࡚ࢮࣟ࡟タᐃࡋࠊࢧ࢖ࢡࣟࣥධࡾཱྀὶධ㒊
࡛ࡣᆒ୍࡞㏿ᗘศᕸࢆ௬ᐃࡋࠊฟཱྀ㒊࡛ࡣḟᘧࢆ⏝࠸ࡓ 11ࠊ14)ࠋ 
࢛ࣔ
ࣔࢠ ൌ ૙ǡ
࣓ࣔ
ࣔࢠ ൌ ૙ǡ ࢜ ൌ ૙                                                     (2) 
 
 
Table 3-1 Equations of fluid motion for turbulent flow 
࢛ࣔ
ࣔ࢘ ൅
૚
࢘
ࣔ࢜
ࣔࣂ ൅
ࣔ࢝
ࣔࢠ ൌ ૙ 
ࣔሺ࢘ࣘሻ
࢚ࣔ ൅
ࣔሺ࢛࢜ࣘሻ
ࣔࢠ ൅
ࣔሺ࢘࢜ࣘሻ
ࣔ࢘ ൅
૚
࢘
ࣔሺ࢘࢝ࣘሻ
ࣔࣂ    
ൌ ࣔࣔࢠ൬࢘ࢣ
ࣔࣘ
ࣔࢠ൰ ൅
ࣔ
ࣔ࢘൬࢘ࢣ
ࣔࣘ
ࣔ࢘൰ ൅
ࣔ
࢘ࣔࣂ൬ࢣ
ࣔࣘ
ࣔࣂ൰ ൅ ࡿࣘ 
ȭ ǻ ࡿࣘ 
u Ȥ െ࢘൬ࣔࡼࣔࢠ൰ 
v Ȥ െ࢘൬ࣔࡼࣔࢠ൰ ൅ ࢝
૛ െ ࣇ࢜࢘ െ ࣇ
૛
࢘
ࣔ࢝
ࣔࣂ  
w Ȥ െࣔࡼࣔࣂ െ ࢜࢝െ
ࣇ࢜
࢘ ൅ ࣇ
૛
࢘
ࣔ࢜
ࣔࣂ 
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࡞࠾ࠊCFDィ⟬᮲௳ࡢヲ⣽ࢆ Table 3-2࡟♧ࡍࠋ 
 
Table 3-2 CFD calculation conditions 
 
3.3.3 ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ 
ձ ᾮయࢧ࢖ࢡࣟࣥࡢ᭱㐺࡞࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢタィ 
⢏Ꮚศ㞳ຠ⋡ࢆྥୖࡉࡏࡿࡓࡵ࡟ࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࠿ࡽ࣮࢜ࣂ࣮ࣇ࣮ࣟ㒊ࡍ࡞ࢃ
ࡕᾮయࢧ࢖ࢡࣟࣥୖ㒊ࡢฟཱྀ㒊࡬ࡢ෌㣕ᩓ⢏Ꮚࡢᩘࢆῶࡽࡍᚲせࡀ࠶ࡿࠋᶆ‽ࡢ S ᆺࢧ
࢖ࢡ࡛ࣟࣥࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢୖ㒊ቨ㠃࡟ὶධࡋࡓ⢏Ꮚࡣࠊᅇ㌿ὶ࠾ࡼࡧࣛࣥࢲ࣒
ὶࡢᙳ㡪ࢆཷࡅࡿࠋࡑࡢࡓࡵࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟ᤕ㞟ࡉࢀࡓ⢏Ꮚࡢ୍㒊ࡣୖ᪼Ẽὶ࡟
஌ࡗ࡚࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ෆࢆ⛣ືࡋࠊ࣮࢜ࣂ࣮ࣇ࣮ࣟ㒊࡟෌㣕ᩓࡍࡿྍ⬟ᛶࡀ࠶ࡿࠋࡇ
ࢀࡽࡢ෌㣕ᩓ⢏Ꮚࢆῶᑡࡉࡏࡿࡓࡵ࡟ࡣࠊୗ㝆ὶࡢᖹᆒ㏿ᗘࢆቑຍࡍࡿࡇ࡜ࡀຠᯝⓗ࡛
࠶ࡾࠊ⢏Ꮚศ㞳ຠ⋡ࢆྥୖࡍࡿࡇ࡜ࡀ࡛ࡁࡿ࡜⪃࠼ࡽࢀࡿࠋࡑࡇ࡛ࠊFig.3-8 ࡟♧ࡋࡓ A
ᆺࢧ࢖ࢡࣟࣥࡢᛶ⬟ࢆホ౯ࡋࡓࠋ 
Fig.3-11 ࡟ᵝࠎ࡞ഴᩳゅࢆ᭷ࡍࡿഴᩳࣜࣥࢢቨࢆ᭷ࡍࡿ A ᆺࢧ࢖ࢡࣟࣥࢆ⏝࠸ࡓ⢏Ꮚ
ศ㞳ຠ⋡ࢆ♧ࡍࠋ50㸣ศ㞳ᚄࡣࠊഴᩳゅࢆ኱ࡁࡃࡍࡿࡇ࡜࡛ᑠࡉࡃ࡞ࡿഴྥࢆ♧ࡋࠊ⣙
30rࡢഴᩳゅࡢഴᩳቨࢆタࡅࡓሙྜ࡟᭱ᑠ್ࢆ♧ࡋࡓࠋ୍᪉࡛ࠊ30rࡼࡾࡶ኱ࡁ࡞ഴᩳ
ゅࢆ᭷ࡍࡿഴᩳቨ࡛ࡣࠊ50%ศ㞳ᚄࡣ࡯ࡰ୍ᐃࡢ್ࢆ♧ࡋࡓࠋ 
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Fig. 3-11 Effect of ring angle on 50% cut size 
 
ḟ࡟ࠊୗグࡢ Eq.3 ࡛ᐃ⩏ࡉࢀࡿ࢔ࣥࢲ࣮ࣇ࣮ࣟ㸦ࣈ࣮ࣟࢲ࢘ࣥ㸧ࡢẚ⋡ࢆ 10㸣࠿ࡽ
20㸣࡟ୖ᪼ࡉࡏࡓሙྜࡢᙳ㡪ࢆホ౯ࡋࡓࠋFig.3-11࡟ヨ㦂⤖ᯝࢆ♧ࡍࠋ 
Q
QB dd                                                                (3) 
࢔ࣥࢲ࣮ࣇ࣮ࣟẚ⋡ࡢୖ᪼࡟క࠺ 50%ศ㞳ᚄࡢኚ໬ࡣ᫂☜࡛ࡣ࡞࠸ࡀࠊ࢔ࣥࢲ࣮ࣇࣟ
࣮ẚ⋡ࡀ㧗࠸࡯࡝ࠊഴᩳቨࡢഴᩳゅࡀ኱ࡁ࠸㡿ᇦ࡟࠾࠸࡚Ᏻᐃࡋ࡚ 50㸣ศ㞳ᚄࡀప࠸್
ࢆ♧ࡍഴྥࡀㄆࡵࡽࢀࡓࠋ௨ୖࡢ⤖ᯝ࠿ࡽࠊ⢏Ꮚศ㞳ຠ⋡ࢆ㧗ࡵࡿࡓࡵ࡟ࡣࠊഴᩳࣜࣥࢢ
ࡢഴᩳゅࢆ⣙ 30rࡼࡾࡶ኱ࡁࡃಖࡕࠊୟࡘ࢔ࣥࢲ࣮ࣇ࣮ࣟẚࢆ㧗ࡃࡍࡿ᮲௳ࡀᮃࡲࡋ࠸
ࡇ࡜ࡀศ࠿ࡗࡓࠋࡇࡢࡼ࠺࡟ഴᩳቨࡢᑟධ࠾ࡼࡧ࢔ࣥࢲ࣮ࣇ࣮ࣟẚࡢୖ᪼ࡢ࠸ࡎࢀࡢ᪉
ἲ࡟࠾࠸࡚ࡶࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊ࡢୗ㝆ὶࡢᖹᆒ㏿ᗘࡀቑຍࡍࡿࡓࡵࠊ50㸣ศ㞳ᚄ
ࡢపୗࡍ࡞ࢃࡕ㧗࠸⢏Ꮚᤕ㞟ຠ⋡ࡀ㐩ᡂ࡛ࡁࡿࡇ࡜ࡀุ᫂ࡋࡓࠋ 
Fig.3-12 ࡟ S ᆺ࠾ࡼࡧ A ᆺࢧ࢖ࢡࣟࣥࡢ⢏Ꮚศ㞳ຠ⋡ࢆẚ㍑ࡋࡓᅗࢆ♧ࡍࠋS ᆺࢧ࢖
ࢡࣟࣥࡢ 50㸣ศ㞳ᚄࡣ⣙ 2 μm࡛࠶ࡿࡢ࡟ᑐࡋࠊAᆺࢧ࢖ࢡࣟࣥࡣ⣙ 1.7 μm࡛࠶ࡗࡓࠋ
ࡲࡓࠊSᆺࠊAᆺඹ࡟⣙ 4 μmࡼࡾ኱ࡁ࠸┤ᚄࢆ᭷ࡍࡿ⢏Ꮚࢆ᏶඲࡟ᤕ㞟ࡋࡓࠋ 
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Fig. 3-12 Particle separation performance of Type S and A cyclones 
 
ḟ࠸࡛ࠊS ᆺ࡜ A ᆺࢧ࢖ࢡࣟࣥ࡟࠾࠸࡚ࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟࠾ࡅࡿ⢏Ꮚࡢ㌶㐨ࡢ㐪
࠸ࢆ᳨ドࡍࡿࡓࡵ࡟ࠊ50 μm ࡢ⌫≧࢔ࢡࣜࣝ⢏Ꮚࢆ⏝࠸ࡓ⢏Ꮚ㌶㐨ࡢྍど໬ᐇ㦂ࢆ⾜ࡗ
ࡓࠋྍど໬ᐇ㦂࡛ࡣࠊ௨ୗࡢࣉࣟࢭࢫ࡟࡚⢏Ꮚ㌶㐨ࢆㄪ࡭ࡓࠋ 
㸦1㸧⢏Ꮚࡢືࡁࡀࡣࡗࡁࡾ࡜ぢ࠼ࡿࡼ࠺࡟ࠊ㏱᫂࡞࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢ⫼ᬒ࡟㯮Ⰽ⏝⣬
ࢆタ⨨ࡍࡿࠋ 
㸦2㸧ᑡ㔞ࡢ࢔ࢡࣜࣝ⢊ࢆὶධཱྀ࡟౪⤥ࡍࡿࠋ 
㸦3㸧⢏Ꮚࡢ㌶㐨ࢆࢹࢪࢱ࣓࡛ࣝ࢝ࣛ᧜ᙳࡍࡿࠋ 
㸦4㸧᧜ᙳࡋࡓᫎീ࠿ࡽ⢏Ꮚࡢ㌶㐨ࢆప㏿࡛ᥥ෗ࡋࠊ඾ᆺⓗ࡞㌶㊧ࢆ☜ㄆࡍࡿࠋ 
㸦5㸧඾ᆺⓗ࡞⢏Ꮚ㌶㐨࠿ࡽࠊࢻࢵࢺ࣏ࢵࢺࢆ౑⏝ࡋ࡚᭤⥺ࡢ㌶㐨⥺ࢆᥥ⏬ࡍࡿࠋ 
Fig.3-13 ࡟ S ᆺ࠾ࡼࡧ A ᆺࢧ࢖ࢡࣟࣥࡢ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟࠾ࡅࡿ඾ᆺⓗ࡞⢏Ꮚ㌶㐨
ࢆ♧ࡍࠋA ᆺࢧ࢖ࢡ࡛ࣟࣥࡣࠊഴᩳቨࡢຠᯝ࡟ࡼࡾ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊ࡢ⢏Ꮚࡣᛴ㏿
࡟࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ෆࢆୗ㝆ࡍࡿࡢ࡜ᑐ↷ⓗ࡟ࠊSᆺࢧ࢖ࢡ࡛ࣟࣥࡣࠊ⢏Ꮚࡣୗ᪉ྥ࡟ࡺ
ࡗࡃࡾ࡜⛣ືࡍࡿࡇ࡜ࡀࢃ࠿ࡿࠋࡍ࡞ࢃࡕࠊFig.3-13࡟グ㍕ࡋࡓ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊ࡢ
㡿ᇦ AR ࡟࠾ࡅࡿ S ᆺࢧ࢖ࢡࣟࣥ୰ࡢ⢏Ꮚࡢୗ㝆㏿ᗘࡣ㠀ᖖ࡟㐜࠸ࡢ࡟ᑐࡋࠊA ᆺࢧ࢖
ࢡ࡛ࣟࣥࡣᙉ࠸ୗ㝆ὶࡢᙳ㡪ࢆཷࡅ࡚㧗㏿࡛ୗ᪉ྥ࡟⛣ືࡋ࡚࠸ࡿࠋࡇࡢࡼ࠺࡟ࠊ࢔ࣥ
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ࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊࡟ഴᩳቨࢆタࡅࡓ A ᆺࢧ࢖ࢡࣟࣥࡢᨵⰋຠᯝࢆྍど໬ᐇ㦂࡟࡚᫂☜࡟
ᤊ࠼ࡿࡇ࡜ࡀ࡛ࡁࡓࠋ 
 
 
Fig. 3-13 Typical particle trajectory in under flow section for Type S and A cyclones 
 
B ᆺ࠾ࡼࡧ C ᆺࢧ࢖ࢡࣟࣥࡢ⢏Ꮚ㌶㐨ࡢྍど໬ᐇ㦂⤖ᯝࢆ Fig.3-14 ࡟♧ࡍࠋS ᆺ࠾ࡼ
ࡧ A ᆺࢧ࢖ࢡ࡛ࣟࣥࡣࠊFig.3-13 ࡟♧ࡋࡓࡼ࠺࡟ࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊୰ኸࡢ⢏Ꮚࡀ࣮࢜
ࣂ࣮ࣇ࣮ࣟ㒊ࡢ᪉ྥ࡟⛣ືࡍࡿഴྥࡀほᐹࡉࢀࡓࠋ⢏Ꮚᤕ㞟ຠ⋡ࢆ㧗ࡵࡿࡓࡵ࡟ࡣࠊࡇ
ࢀࡽࡢ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࠿ࡽࡢ෌㣕ᩓ⢏Ꮚࡢᩘࢆῶࡽࡍᚲせࡀ࠶ࡿࠋ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊
୰ኸ࡟⢏Ꮚࡢ෌㣕ᩓࢆᢚไࡍࡿࡓࡵ࡟Წ≧ࡢ㞀ᐖ≀㸦ࢭࣥࢱ࣮ࣟࢵࢻ㸧ࢆタ⨨ࡋࡓ B ᆺ
ཬࡧ C ᆺࢧ࢖ࢡࣟࣥࡢሙྜࠊFig.3-14 ࡟♧ࡋࡓࡼ࠺࡟㞀ᐖ≀ࡢᙳ㡪࡛୰ኸ㒊ࡢ෌㣕ᩓ⢏
ᏊࡢᩘࡣῶᑡࡍࡿഴྥࡀほᐹࡉࢀࡓࠋࡲࡓࠊC ᆺࢧ࢖ࢡࣟࣥࡢ୰ኸ㒊ࡢ෌㣕ᩓ⢏Ꮚࡢᩘ
ࡣࠊBᆺࢧ࢖ࢡࣟࣥࡼࡾࡶࡉࡽ࡟పῶࡉࢀࡿഴྥ࡟࠶ࡗࡓࠋࡋࡓࡀࡗ࡚ࠊCᆺࢧ࢖ࢡࣟࣥ
ࡢ⢏Ꮚᤕ㞟ຠ⋡ࡣ B ᆺࢧ࢖ࢡࣟࣥࡼࡾࡶ㧗࠸ࡇ࡜ࡀᮇᚅࡉࢀࡓࠋ௨ୖࡢࡼ࠺࡟⢏Ꮚ㌶㐨
ࡢྍど໬ᐇ㦂࠿ࡽࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊࡬ࡢഴᩳቨࡢタ⨨ࡣ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊ࡢ
ୗ㝆ὶࡢ㏿ᗘቑຍ࡟ᐤ୚ࡋࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊୰ኸ࡬ࡢࢭࣥࢱ࣮ࣟࢵࢻࡢタ⨨ࡣࠊ෌㣕
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ᩓ⢏Ꮚࢆῶᑡࡉࡏࡿຠᯝࡀ࠶ࡿࡇ࡜ࡀ᥎ᐹࡉࢀࡓࠋࡋࡓࡀࡗ࡚ࠊഴᩳቨ࡜ࢭࣥࢱ࣮ࣟࢵ
ࢻࡢ୧᪉ࢆ౑⏝ࡋࡓ Dᆺࢧ࢖ࢡࣟࣥࡣࠊࡇࢀࡲ࡛♧ࡋࡓ SᆺࠊAᆺࠊBᆺ࠾ࡼࡧ Cᆺ࡞
࡝ᵝࠎ࡞✀㢮ࡢࢧ࢖ࢡࣟࣥࡢ୰࡛ࡶ᭱ࡶ㧗࠸⢏Ꮚᤕ㞟ຠ⋡ࢆ᭷ࡍࡿࡇ࡜ࡀᮇᚅࡉࢀࡓࠋ 
 
 
Fig. 3-14 Typical particle trajectory in under flow section for Type B and C cyclones 
 
๓㏙ࡋࡓࡼ࠺࡟ࠊࢭࣥࢱ࣮ࣟࢵࢻࢆ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊୰ኸ࡟タ⨨ࡍࡿࡇ࡜࡛ࠊᤕ㞟ࡉ
ࢀࡓ⢏Ꮚࡢ෌㣕ᩓࢆᢚไ࡛ࡁࡿࡇ࡜࠿ࡽࠊ⢏Ꮚᤕ㞟ຠ⋡ࡢྥୖࡀᮇᚅࡉࢀࡿࠋFig.3-15࡟
ᐇ㦂࡟ࡼࡾᚓࡽࢀࡓ Sᆺ࠾ࡼࡧ Bᆺࢧ࢖ࢡࣟࣥࡢ㒊ศศ㞳ຠ⋡᭤⥺ࢆ♧ࡍࠋᮇᚅࡉࢀࡓ
ࡼ࠺࡟ࢭࣥࢱ࣮ࣟࢵࢻࢆഛ࠼ࡓ Bᆺࢧ࢖ࢡࣟࣥࡢ 50㸣ศ㞳ᚄࡣࠊࢭࣥࢱ࣮ࣟࢵࢻࡢ↓࠸
ᶆ‽ࡢ Sᆺࢧ࢖ࢡࣟࣥࡼࡾࡶᑠࡉ࠸್ࢆ♧ࡋࡓࠋ୍᪉࡛ࠊࢭࣥࢱ࣮ࣟࢵࢻࡢ┤ᚄ Di࡟ࡘ
࠸࡚ 10 mm ࡜ 20 mm ࡢ 2 ✀࡟ࡘ࠸࡚ẚ㍑ࡋࡓ⤖ᯝࠊ50㸣ศ㞳ᚄࡣࢭࣥࢱ࣮ࣟࢵࢻ┤ᚄ
10 mmࡢሙྜ࡟పῶຠᯝࡀㄆࡵࡽࢀࠊ20 mmࢭࣥࢱ࣮ࣟࢵࢻ࡛ࡣ Sᆺࢧ࢖ࢡࣟࣥ࡜ẚ㍑
ࡋ࡚ 50%ศ㞳ᚄࡢపୗࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡣࠊࣟࢵࢻᚄࡀ 20 mmࡢሙྜࠊ࢔ࣥࢲ
࣮ࣇ࣮ࣟ㒊࡛ࡢᅽຊ㝆ୗࡀ኱ࡁࡃ࡞ࡿࡓࡵ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢὶ㔞ࠊὶ㏿ࡀపୗࡋࠊ⢏
Ꮚࡀ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟ὶධࡋ࡟ࡃࡃ࡞ࡗࡓࡇ࡜࡟㉳ᅉࡍࡿ࡜⪃࠼ࡽࢀࡓࠋ 
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Fig. 3-15 Particle separation performance of Type S and B cyclones 
 
Fig.3-16 ࡟ᐇ㦂࡟ࡼࡾᚓࡽࢀࡓ C ᆺࢧ࢖ࢡࣟࣥࡢ㒊ศศ㞳ຠ⋡᭤⥺ࢆ♧ࡍࠋC ᆺࢧ࢖
ࢡࣟࣥࡣࠊ㡬㒊࡟㏫෇㗹ࢆタࡅࡓࢭࣥࢱ࣮ࣟࢵࢻࢆタ⨨ࡋ࡚࠾ࡾࠊᶆ‽ࡢ S ᆺࢧ࢖ࢡࣟ
ࣥ࡜ẚ㍑ࡋ࡚ࡉࡽ࡟෌㣕ᩓ⢏Ꮚࡢᩘࡀῶᑡࡍࡿࡇ࡜ࡀᮇᚅࡉࢀࡿࠋ෇㗹㒊ࡢ┤ᚄ 25 mm
࠾ࡼࡧ 35 mmࡢ 2✀ࡢࢭࣥࢱ࣮ࣟࢵࢻࡢຠᯝࢆẚ㍑ࡋࡓ⤖ᯝࠊ࠸ࡎࢀࡢ෇㗹㒊ࢆ᭷ࡍࡿ
ࢭࣥࢱ࣮ࣟࢵࢻࢆ⏝࠸ࡓሙྜ࡛ࡶᶆ‽ࡢ S ᆺࢧ࢖ࢡࣟࣥ࡜ẚ㍑ࡋ࡚ C ᆺࢧ࢖ࢡࣟࣥࡣ
50㸣ศ㞳ᚄࢆᑠࡉࡃࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡗࡓࠋࡲࡓࠊ෇㗹㒊ࡢ┤ᚄࡢᙳ㡪࡟ࡘ࠸࡚ࡣࠊ35 
mmࢆ⏝࠸ࡓሙྜ࡟ࡣ 25 mmࡼࡾࡶᤕ㞟ຠ⋡ࡀ㧗ࡃ࡞ࡿഴྥࢆ♧ࡋࡓࠋࡇࢀࡣࠊ࢔ࣥࢲ
࣮ࣇ࣮ࣟ㒊୰ኸ㒊࠿ࡽୖ᪼ࡍࡿ෌㣕ᩓ⢏Ꮚࡢ࣮࢜ࣂ࣮ࣇ࣮ࣟ㒊࡬ࡢὶධࢆࢭࣥࢱ࣮ࣟࢵ
ࢻࡢ෇㗹㒊ࡢ┤ᚄࡀ኱ࡁ࠸࡯࡝㜼ᐖฟ᮶ࡿࡓࡵ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ 
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Fig. 3-16 Particle separation performance of Type S and C cyclones 
 
մ  Sᆺࢧ࢖ࢡࣟࣥ࠾ࡼࡧ Dᆺࢧ࢖ࢡࣟࣥࡢ CFDࢩ࣑࣮ࣗࣞࢩࣙࣥ 
ྍど໬ᐇ㦂࡞ࡽࡧ࡟ศ⣭ᐇ㦂࡟ࡼࡾࠊᮏ◊✲࡛⏝࠸ࡓᶆ‽ࡢ Sᆺࢧ࢖ࢡࣟࣥࡢ⢏Ꮚᤕ㞟
ຠ⋡ࢆ㧗ࡵࡿࡓࡵ࡟ࡣࠊ௨ୗࡢᨵⰋࢆຍ࠼ࡿࡇ࡜ࡀຠᯝⓗ࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
㸦1㸧࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊ࡢഴᩳቨࡢᑟධ 
㸦2㸧┤ᚄ 10mmࡢࢭࣥࢱ࣮ࣟࢵࢻࡢタ⨨ 
㸦3㸧┤ᚄࡀ 35mmࡢ෇㗹ࢆ㡬㒊࡟タࡅࡓࢭࣥࢱ࣮ࣟࢵࢻࡢタ⨨ 
Fig.3-8࡟♧ࡋࡓ Dᆺࡢࢧ࢖ࢡࣟࣥࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟ୖグ 3ࡘࡢᨵⰋࢆຍ࠼ࡓࢧ
࢖ࢡ࡛ࣟࣥ࠶ࡿࠋࡇࢀࡽࡢᨵⰋຠᯝࢆ CFDࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾᾮయࢧ࢖ࢡࣟࣥෆࡢ
ὶయ㏿ᗘศᕸࢆ⟬ฟࡍࡿࡇ࡜࡟ࡼࡾ᳨ドࡋࡓࠋࡲࡎࠊ3ḟඖ┤᥋ὶࢀࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟
ࡼࡾ Sᆺ࠾ࡼࡧ Dᆺࢧ࢖ࢡࣟࣥࡢὶయ㏿ᗘศᕸࢆ⟬ฟࡋࡓࠋFig.3-17࡟ Sᆺ࠾ࡼࡧ Dᆺ
ࢧ࢖ࢡࣟࣥࡢࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾᚓࡽࢀࡓὶయ㏿ᗘศᕸࢆ♧ࡍࠋS ᆺࡢࢧ࢖ࢡࣟࣥ
࡛ࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢ୰ᚰ㡿ᇦ࡟࠾࠸࡚ୖྥࡁࡢ㏿ᗘᡂศࡀ᳨ฟࡉࢀ࡚࠾ࡾࠊࡲࡓ
ୗ㝆ὶࡢ㏿ᗘࡢ኱ࡁࡉࡣࠊD ᆺࡢࢧ࢖ࢡࣟࣥ࡟ẚ࡭࡚㠀ᖖ࡟ᑠࡉࡃࠊቨ㠃㏆ഐ࡟ࡢࡳᏑ
ᅾࡋ࡚࠸ࡿࠋຍ࠼࡚ࠊSᆺࢧ࢖ࢡ࡛ࣟࣥࡣࠊ▮༳࡛♧ࡋ࡚࠸ࡿࡼ࠺࡟࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢ
ୖ㒊࡟෇ᙧࡢὶయ 㡿ᇦࡀㄆࡵࡽࢀࡿࠋࡇࡢ㡿ᇦ࡟ධࡗࡓ⢏Ꮚࡣ෌㣕ᩓ⢏࡜ࡋ࡚࣮࢜ࣂ
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࣮ࣇ࣮ࣟ㒊࡟ὶධࡍࡿྍ⬟ᛶࡀ࠶ࡿ୍ࠋ ᪉ࠊDᆺࢧ࢖ࢡ࡛ࣟࣥࡣྠࠊ ᵝ࡞ 㡿ᇦࡣㄆࡵࡽ
ࢀ࡞࠸ࡇ࡜࠿ࡽࠊS ᆺ࡜ẚ㍑ࡋ࡚෌㣕ᩓ⢏ࡢⓎ⏕☜⋡ࡣప࠸࡜⪃࠼ࡽࢀࡿࠋຍ࠼࡚ D ᆺ
ࢧ࢖ࢡ࡛ࣟࣥࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊࡟࠾ࡅࡿὶయ࣋ࢡࢺࣝࡀ⥲ࡌ࡚ᑠࡉࡃࠊ≉࡟ࢭ
ࣥࢱ࣮ࣟࢵࢻࡢ෇㗹㒊ࡢୗ㎶㡿ᇦ࡛ࡣ㠀ᖖ࡟ᑠࡉ࠸್ࢆ♧ࡍࡇ࡜࠿ࡽ෌㣕ᩓࡢᐤ୚ࡍࡿ
ὶయ㏿ᗘ࣋ࢡࢺࣝࡢᏑᅾẚ⋡ࡀᴟࡵ࡚ప࠸ࡇ࡜ࡀࢃ࠿ࡿࠋ 
 
 
Fig. 3-17 Calculated fluid velocity distribution of the Type S and D cyclones 
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Fig.3-18 ࡟ S ᆺ࠾ࡼࡧ D ᆺࡢ 2 ✀㢮ࡢࢧ࢖ࢡࣟࣥࡢὶయ㏿ᗘศᕸࡢᣑ኱ᅗࢆ♧ࡍࠋD
ᆺࢧ࢖ࢡ࡛ࣟࣥࡣࠊࢧ࢖ࢡࣟࣥୖ㒊࠿ࡽ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟⮳ࡿୗ㝆ὶࡢὶయᡂศࡢ୍
㒊ࡀ㏫෇㗹㒊ࡢୖ㒊㡿ᇦ௜㏆࡛ࡑࡢ᪉ྥࢆኚ࠼࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋ୍᪉ࠊ㏫෇㗹㒊ศ
ࢆ㏻㐣ࡋ࡚࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟ὶධࡍࡿ࡯ࡰ඲࡚ࡢୗྥࡁὶయࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟
ὶධࡋ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿࠋ 
 
 
Fig. 3-18 Calculated fluid velocity distribution in under flow region of the Type S and D 
cyclones 
 
Fig. 3-17 ࠾ࡼࡧ Fig. 3-18 ࡟♧ࡋࡓ CFD ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾ⟬ฟࡋࡓ㏿ᗘ࣋ࢡࢺ
ࣝࡢศᕸ࠿ࡽࠊD ᆺࢧ࢖ࢡ࡛ࣟࣥࡣ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊୰ᚰ࠿ࡽ࣮࢜ࣂ࣮ࣇ࣮ࣟ㒊࡬ࡢ෌
㣕ᩓ⢏Ꮚࡢᩘࡀῶᑡࡋࠊ⢏Ꮚᤕ㞟ຠ⋡ࡀᨵၿࡉࢀࡿࡇ࡜ࡀ᥎ᐹࡉࢀࡓࠋࡇࡢ CFDࢩ࣑ࣗ
࣮ࣞࢩࣙࣥࡢ⤖ᯝࡣࠊFig. 3-13࠾ࡼࡧFig. 3-14࡟♧ࡋࡓ඾ᆺⓗ࡞⢏Ꮚ㌶㐨࡜ࡶ୍⮴ࡋࡓࠋ 
 
յ  Dᆺࢧ࢖ࢡࣟࣥࡢ㒊ศศ㞳ຠ⋡ 
ྍど໬ᐇ㦂ࡸ CFDࢩ࣑࣮ࣗࣞࢩࣙࣥࡢ⤖ᯝࡼࡾࠊDᆺࢧ࢖ࢡࣟࣥࡢ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊
ࡢᵓ㐀ࡣࠊ⢏Ꮚᤕ㞟ຠ⋡ࢆྥୖࡉࡏࡿୖ࡛᭱Ⰻࡢᆺᘧࡢ୍ࡘ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋFig.3-
19ࡣࠊSᆺࠊCᆺ࠾ࡼࡧ Dᆺࢧ࢖ࢡࣟࣥࡢศ⣭ᐇ㦂࡟ࡼࡾᚓࡽࢀࡓ㒊ศศ㞳ຠ⋡᭤⥺ࢆ
ẚ㍑ࡋࡓᅗ࡛࠶ࡿࠋSᆺࠊCᆺ࠾ࡼࡧ Dᆺࢧ࢖ࢡࣟࣥࡢ 50㸣ศ㞳ᚄࡣࡑࢀࡒࢀ 2.2 μmࠊ
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1.9 μm࠾ࡼࡧ 1.7 μm࡜࡞ࡾࠊDᆺࢧ࢖ࢡ࡛ࣟࣥ᭱ࡶᑠࡉ࠸ศ㞳ᚄࡀᚓࡽࢀࡓࠋCᆺࢧ࢖
ࢡࣟࣥࡢ⢏Ꮚᤕ㞟ຠ⋡ࡢྥୖࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟タ⨨ࡋࡓ㏫෇㗹㒊ࢆ᭷ࡍࡿࢭࣥࢱ
࣮ࣟࢵࢻࡢຠᯝ࡛࠶ࡿࡀࠊD ᆺࢧ࢖ࢡࣟࣥࡢ 50㸣ศ㞳ᚄࡣࠊC ᆺࡼࡾࡶࡉࡽ࡟ᑠࡉ࠸ࠋ
C ᆺࢧ࢖ࢡࣟࣥ࡜ D ᆺࢧ࢖ࢡࣟࣥࡢ㛫ࡢ⢏Ꮚศ㞳ᛶ⬟ࡢᕪࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊ࡢ
ഴᩳቨ࡟ࡼࡿࡶࡢ࡛࠶ࡿࠋຍ࠼࡚ࠊD ᆺࢧ࢖ࢡࣟࣥࡢศ⣭⢭ᗘ࡟┦ᙜࡍࡿ㒊ศศ㞳ຠ⋡
ࡢഴࡁࡣࠊS ᆺࠊC ᆺ࠾ࡼࡧ D ᆺࡢ 3 ✀㢮ࡢ୰࡛᭱ࡶ኱ࡁࡃࠊࢩ࣮ࣕࣉ࡞ศ㞳ࡀྍ⬟࡛
࠶ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋࡋࡓࡀࡗ࡚ࠊ⢏Ꮚᤕ㞟ຠ⋡࡜ศ㢮⢭ᗘࡢほⅬ࠿ࡽࠊDᆺࢧ࢖ࢡࣟ
ࣥࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢ⌮᝿ⓗ࡞タィ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 
 
Fig. 3-19 Particle separation performance of Type S, C and D cyclones 
 
⢏Ꮚศ㞳ᛶ⬟ࢆྥୖࡍࡿୖ࡛ࠊධཱྀᅽຊࡢไᚚࡶࡲࡓࠊᐇ㝿ࡢࣉࣟࢭࢫ࡟࠾࠸࡚㔜せ
࡞せ⣲࡛࠶ࡿࠋFig.3-20ࡣࠊධཱྀᅽຊࢆ 0.8 MPa࡟⤫୍ࡋࡓ᮲௳ୗ࡛ࡢ SᆺࠊAᆺ࠾ࡼࡧ
D ᆺࡢ 3 ✀㢮ࡢࢧ࢖ࢡࣟࣥ࡟ࡘ࠸࡚ࡢศ⣭ᐇ㦂࡟ࡼࡾᚓࡽࢀࡓ㒊ศศ㞳ຠ⋡᭤⥺ࢆ⾲ࡋ
࡚࠸ࡿࠋ 
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Fig. 3-20 Particle separation performance of Type Sࠊ A and D cyclones under same pressure 
drop conditions 
 
Dᆺࢧ࢖ࢡࣟࣥࡢ 50㸣ศ㞳ᚄࡣࠊ3✀㢮ࡢࢧ࢖ࢡࣟࣥࡢ୰࡛᭱ᑠࡢ್ࢆ♧ࡋࠊFig.3-19
࡜ྠᵝࡢഴྥࡀᚓࡽࢀࡓࠋࡋ࠿ࡋࠊFig.3-19 ࡢ⤖ᯝ࡜ẚ㍑ࡍࡿ࡜ S ᆺ࡜ D ᆺࢧ࢖ࢡࣟࣥ
ࡢ㛫ࡢศ㞳ᚄࡢ 50㸣ࡢᕪ␗ࡣᑠࡉࡃ࡞ࡿࠋࡇࢀࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊ࡢഴᩳቨ࠾ࡼ
ࡧࢭࣥࢱ࣮ࣟࢵࢻࢆタ⨨ࡋࡓࡇ࡜࡟ࡼࡿᅽຊ㝆ୗࡢቑຍ࡟ࡼࡿᙳ㡪࡛࠶ࡿࠋࡋ࠿ࡋࠊᅽ
ຊ㝆ୗࢆ⪃៖ࡋࡓሙྜ࡟࠾࠸࡚ࡶ D ᆺࢧ࢖ࢡࣟࣥࡀ᭱ࡶඃࢀࡓ⢏Ꮚศ㞳ᛶ⬟ࢆ♧ࡍ⤖ᯝ
࡜࡞ࡗࡓࠋ 
ࡇࡢᾮయࢧ࢖ࢡࣟࣥ࡟࠾ࡅࡿධཱྀ౪⤥㏿ᗘ࡜ධཱྀᅽຊ࡜ࡢ㛵ಀḟᘧ࡟ࡼࡗ࡚⾲ࡉࢀࡿࠋ
ࡇࡇ࡛ Δpࡣධཱྀᅽຊ㸦MPa㸧ࢆ Qࡣධཱྀ౪⤥㏿ᗘ㸦l/min㸧ࢆ⾲ࡋ࡚࠸ࡿࠋ 
20105.0 Qp  '                                                      (3) 
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⢏Ꮚᤕ㞟ຠ⋡࠾ࡼࡧᅽຊపୗࡢⅬ࠿ࡽࠊᮏ❶࡛ᥦ᱌ࡋࡓ D ᆺࢧ࢖ࢡࣟࣥࡣࠊᐇ⏝໬ࡀ
ᮃࡲࢀࡿࠋ୍᪉࡛ࠊࡼࡾ㧗࠸⢏Ꮚศ㞳ຠ⋡࡜ࡼࡾᑡ࡞࠸ᅽຊపୗࢆࡶࡓࡽࡍ᪂ࡋ࠸ࢧ࢖
ࢡࣟࣥࢆタィࡍࡿࡓࡵ࡟ࡉࡽ࡞ࡿ◊✲ࡀᚲせ࡛࠶ࡿࠋ 
㎰⸆〇๣Ỉᛶᠱ⃮ࢰࣝࡢ〇㐀࡟ᮏ◊✲࡛ᚓࡽࢀࡓ㧗ᛶ⬟࡞ศ㞳ᛶ⬟ࢆࡶࡘᾮయࢧ࢖ࢡ
ࣟࣥࢆᑟධࡍࡿࡇ࡜࡛〇㐀ᛶ⬟ࡢྥୖࡀྍ⬟࠿ࢆ᳨ドࡋࡓࠋ 
ᾮయࢧ࢖ࢡࣟࣥࡢศ㞳ᚄࡣ⢏Ꮚ࡟స⏝ࡍࡿ㐲ᚰຊ࡜୰ᚰ㍈࡟ྥ࠿࠺ᾮయࡢ᢬ᢠຊࡀᖹ
⾮࡜࡞ࡿ᮲௳࡟ࡼࡾୗᘧ࠿ࡽ⟬ฟ࡛ࡁࡿࠋ 
ࡰܘ܋ ൌ ࡷට
૚ૡࣆࡰ
ሺ࣋ܘି࣋܎ሻࢁ૙
                                                      (4) 
ࡇࡇ࡛ࠊDpcࡣศ㞳ᚄࠊρpࠊρfࡣ⢏Ꮚ࠾ࡼࡧὶయࡢᐦᗘࠊμ ࡣὶయࡢ⢓ᛶಀᩘࠊU0ࡣࢧ
࢖ࢡࣟࣥධཱྀࡢὶయ㏿ᗘࠊD ࡣࢧ࢖ࢡࣟࣥୖ㒊෇⟄㒊ࡢෆᚄ࠾ࡼࡧ K ࡣࢧ࢖ࢡࣟࣥࡢྛ
㒊ᑍἲ࡛Ỵᐃࡉࢀࡿ⿦⨨ᐃᩘ࡛࠶ࡿࠋࡇࡢᘧ࠿ࡽࣔࢹࣝ⢏Ꮚ࡜ࡋ࡚⏝࠸ࡓࢩࣜ࢝࡜ྠᵝ
ࡢศ㞳ᛶ⬟ࢆᚓࡿࡓࡵ࡟ࡣᑐ㇟࡜ࡍࡿ㎰⸆᭷ຠᡂศࡢᐦᗘ࡜ࢫ࣮ࣛࣜࡢ⢓ᗘࡢᙳ㡪ࡀ኱
ࡁ࠸ࡇ࡜ࡀࢃ࠿ࡿࠋࢩࣜ࢝⢏Ꮚࡢᐦᗘࡀ⣙ 2.2 g/cm3࡛࠶ࡿࡢ࡟ᑐࡋ࡚ᖜࡣ࠶ࡿࡶࡢ㎰⸆
᭷ຠᡂศࡢᐦᗘࡣ 1㹼2 g/cm3⛬ᗘ࡛࠶ࡿࡇ࡜ࡀከ࠸ࠋࡲࡓࠊࢩࣜ࢝⢏Ꮚࢫ࣮ࣛࣜࡢ⢓ᗘ
ࡀ⣙ 1 mPa㺃s࡛࠶ࡿࡢ࡟ᑐࡋ࡚ᅛᙧศ⃰ᗘࡀ㧗࠸㎰⸆〇๣ࡢ⢓ᗘࡣ 50㹼100 mPa࡜⢓ᗘ
ࡀ㧗ࡃ࡞ࡿሙྜࡀከࡃ࡞ࡿࡓࡵࠊᚤ⣽࡞⢏Ꮚࢆᅇ཰ࡍࡿࡓࡵࡢᾮయࢧ࢖ࢡࣟࣥࡢᑟධࡣ
ᅔ㞴࡛࠶ࡿࡇ࡜ࡀ᝿ᐃࡉࢀࡿࠋ 
୍᪉࡛ࠊ㧗࠸άᛶࢆ᭷ࡋࠊ㎰⸆᭷ຠᡂศ⃰ᗘࡀప࠸๣࡟࠾࠸࡚ࡣప࠸⢓ᗘࢆಖࡗࡓ≧
ែ࡛⢊○ࢆ⾜࠺ࡇ࡜ࢣ࣮ࢫࡶ⪃࠼ࡽࢀࠊࡇࡢࡼ࠺࡞᭷ຠᡂศࡢỈᛶᠱ⃮ࢰࣝ〇๣ࡢ〇㐀
࡛ࡣᾮయࢧ࢖ࢡࣟࣥࡢᑟධ࡟ࡼࡾ⢭ᗘࡢ㧗࠸⢏Ꮚᚄศᕸࡢᣢࡘ〇ရࡀᚓࡽࢀࡿྍ⬟ᛶࡀ
࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋࡲࡓࠊ➨ 2❶࡛♧ࡋࡓࡼ࠺࡟࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰ࡛ࣝࡣ 10 μm
ࡢẚ㍑ⓗ⢒኱࡞⢏ᏊࡢᏑᅾࡀ⪏㞵ᛶ࡟ᐤ୚ࡍࡿࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸ࡿࠋࡇࡢࡼ࠺࡞⢒኱
࡞⢏Ꮚᚄศᕸࢆ᭷ࡍࡿỈᛶᠱ⃮ࢰࣝࢆࠊᾮయࢧ࢖ࢡࣟࣥ࡟ࡼࡾࢩ࣮ࣕࣉ࡟ศ⣭ࡋࡓ࢔ࣥ
ࢲ࣮ࣇ࣮ࣟ㒊࠿ࡽᚓࡿࡇ࡜ࡶ⪃࠼ࡽࢀࡿࠋࡇࡢࡼ࠺࡟ᵝࠎ࡞ά⏝ࡢྍ⬟ᛶࡀ࠶ࡿࡓࡵࠊ
᭦࡞ࡿᾮయࢧ࢖ࢡࣟࣥࡢᛶ⬟ྥୖࡀᮃࡲࢀࡿࠋ 
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3.4 ᑠᣓ 
㎰⸆Ỉᛶᠱ⃮ࢰࣝࡢ⏕⏘ᛶྥୖࡢࡓࡵࠊ‵ᘧ⢊○ᶵࡢ᭱㐺᮲௳ࡢ᥈⣴࠾ࡼࡧ㧗ᛶ⬟࡞
‵ᘧศ⣭ᶵࡢᑟධ࡟ࡼࡿຠᯝࢆ᳨ドࡋࡓࠋ‵ᘧ⢊○ᕤ⛬࡛ࡣ࣌ࣥࢳ࢜ࣆࣛࢻࢫ࣮ࣛࣜࡢ
ࢲ࢖ࣀ࣑ࣝ࡟࠾ࡅࡿ᭱㐺࡞⢊○᮲௳ࢆ᫂ࡽ࠿࡜ࡋࡓࠋࡲࡓࠊ‵ᘧศ⣭ᕤ⛬࡛ࡣᾮయࢧ࢖
ࢡࣟࣥࡢ⢏Ꮚศ㞳ᛶ⬟ࢆᨵၿࡍࡿࡓࡵ࡟ࠊᐇ㦂࠾ࡼࡧࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾ᳨ドࢆ⾜
࠸௨ୗࡢ⤖ㄽࢆᚓࡓࠋ 
㸦1㸧ࣅ࣮ࢬ࣑ࣝࡢ୍✀࡛࠶ࡿࢲ࢖ࣀ࣑ࣝࢆ⏝࠸ࡓ࣌ࣥࢳ࢜ࣆࣛࢻࢫ࣮ࣛࣜࡢ⢊○࡟ࡣ᭱
㐺࡞⢊○᮲௳ࡀᏑᅾࡋࠊࢫ࣮ࣛࣜᅛᙧศ 55%ࠊ0.8 mm~1.0mmφࡢ࢞ࣛࢫࣅ࣮ࢬ඘ሸ⋡ 80㸣
࠾ࡼࡧ⢊○ᶵᅇ㌿⩚᰿ࡢᅇ㌿ᩘ 3200 rpm ࡢ᮲௳ୗ࡛᭱ࡶ㧗࠸⢊○ຠ⋡ࢆ♧ࡋࡓࠋࡲࡓࠊ
⏕⏘ᛶࢆ⪃៖ࡋࡓ┠ᶆ⢏Ꮚᚄศᕸࢆࢲ࢖ࣀ࣑ࣝ⢊○࡛ᚓࡿࡓࡵ࡟ࡣࠊࢫ࣮ࣛࣜ౪⤥㔞ࡢ
పῶ࠾ࡼࡧࣃࢫ㏻㐣ᅇᩘࡢቑຍࡀ᭷ຠ࡛࠶ࡿࠋ 
㸦2㸧ࢩࣜ࢝ࢆࣔࢹࣝ⢏Ꮚ࡜ࡋ࡚ᾮయࢧ࢖ࢡࣟࣥࡢ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢ᭱㐺࡞タィࢆ᳨ウ
ࡋࡓ⤖ᯝࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊࡬ࡢഴᩳቨࡢᑟධ࠾ࡼࡧ෇㗹㒊ࢆ᭷ࡍࡿࢭࣥࢱ࣮ࣟࢵ
ࢻࡢタ⨨࡟ࡼࡾࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟࠾ࡅࡿ୰ኸ㡿ᇦ࠿ࡽฟཱྀ⟶ഃ࡬ࡢ෌㣕ᩓ⢏Ꮚࡢᩘ
ࡀῶᑡࡋࠊ⢏Ꮚศ㞳ຠ⋡ࡢቑຍ࡟ᐤ୚ࡋࡓࠋ཮᪉ࢆ⤌ࡳྜࢃࡏࡓ D ᆺࢧ࢖ࢡࣟࣥࡣࠊ᭱
Ⰻࡢ⢏Ꮚศ㞳ᛶ⬟ࢆ♧ࡋࠊCFD ࢩ࣑࣮ࣗࣞࢩࣙࣥ⤖ᯝ࠾ࡼࡧ⢏Ꮚ㌶㐨ࡢྍど໬ࡢᐇ㦂⤖
ᯝ࡜ᐃᛶⓗ࡟୍⮴ࡋࡓࠋ 
(3)ẚ㍑ⓗᐦᗘࡀ㧗ࡃࠊࢫ࣮ࣛࣜ⢓ᗘࡀప࠸㎰⸆Ỉᛶᠱ⃮ࢰࣝ࡟࠾࠸࡚ࡣ㧗ᛶ⬟ᾮయࢧ࢖
ࢡࣟࣥࡢᑟධ࡟ࡼࡾ⏕⏘ᛶྥୖࡢྍ⬟ᛶࡀ࠶ࡿࠋࡲࡓࠊᾮయࢧ࢖ࢡࣟࣥࡢ࢔ࣥࢲ࣮ࣇࣟ
࣮㒊࡜ࡋ࡚ᅇ཰ࡋࡓ⢒⢏㒊ࢆά⏝ࡍࡿ࡞࡝ࠊ㎰⸆Ỉᛶࢰࣝ࡟࠾࠸࡚ࡶᵝࠎ࡞ᾮయࢧ࢖ࢡ
ࣟࣥά⏝ࡢྍ⬟ᛶࡀ࠶ࡿࠋ 
  
㻌72 
 
౑⏝グྕ 
A : bottom diameter of apex cone  (m) 
Bd : under flow ratio  (-) 
D : hydrocyclone diameter  (μm) 
Dp : particle diameter  (μm) 
Dp50 : 50% cut size of cyclone  (μm) 
Dpc : cut size of cyclone  (μm) 
Dpcs : cut size of cyclone of silica particle (μm) 
Dpcp : cut size of cyclone of penthiopyrad TG (μm) 
Di : center rod diameter in the under flow section  (m) 
fc(Dp) : particle size distributions of coarse sides  (-/μm) 
fs(Dp) : particle size distributions of fine sides  (-/μm) 
K : apparatus index  (-) 
mcࠊ ms : article mass flow rate for coarse sides and fine sides respectively  (kg/s) 
ΔP : pressure drop of cyclone  (MPa) 
Q  : feed flow flow rate  (l/h) 
Qd : under flow flow rate  (l/h) 
r,z,ȟ : dimensionless co-ordinate in radial, axial and circumferential directions  (-) 
Sȭ : general function of source term (-) 
T : feed slurry temperature  (Υ) 
u, v,w : dimensionless fluid velocity in radial, axial and circumferential directions  (-) 
U0 :inlet velocity of hydrocyclone 
α : slope angle of inclined ring shown in the Type A cyclone  (deg.) 
Δη : partial separation efficiency  (-) 
ȭ : general function of conservation equation  (-) 
ǻ : diffusion coefficient  (-) 
ρpࠊρf :density of particle and fluid  (g/cm3.) 
㻌73 
 
μ :viscosity  (mPa㺃s) 
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4.1 ⥴ゝ 
⢊యࡢ⢏Ꮚᚄศᕸ ᐃࡣࠊ㢧ᚤ㙾ἲࠊ࣮ࣞࢨ࣮ᅇᢡ࣭ᩓ஘ἲࠊ㟁Ẽⓗ᳨▱ᖏἲ࠾ࡼࡧ⠠
࠸ศࡅἲ࡞࡝ࡉࡲࡊࡲ࡞ ᐃἲࡀᐇ⏝໬ࡉࢀ࡚࠸ࡿࠋ㢧ᚤ㙾ἲࡸ⠠࠸ศࡅἲࡣ᏶඲࡟ศ
ᩓࡉࢀࡓ⢏Ꮚࡢሙྜࠊṇ☜࡞⢏Ꮚᚄ ᐃࡀྍ⬟࡛࠶ࡿࡀࠊ ᐃ᳨యࡢ๓ฎ⌮࡞࡝↹㞧࡞
సᴗࢆせࡍࡿࠋࡲࡓࠊ࣮ࣞࢨ࣮ᅇᢡ࣭ᩓ஘ἲࡸ㟁Ẽⓗ᳨▱ᖏἲࢆ฼⏝ࡋࡓ ᐃ⿦⨨ࡣࠊ 
ᐃࡀᐜ࡛᫆࠶ࡾ ᐃ᫬㛫ࡀ▷ࡃ෌⌧ᛶࡀ㧗࠸࡜࠸ࡗࡓ㛗ᡤࢆ᭷ࡍࡿ཯㠃ࠊ」㞧࡞₇⟬ฎ
⌮ࢆ⾜࠺ࡓࡵ࡟ෆ㒊ࡀࣈࣛࢵࢡ࣎ࢵࢡࢫ໬ࡉࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊࡇࢀࡽࡣ࠸ࡎࢀࡶ㧗౯
࡞ ᐃ⿦⨨࡜࡞ࡗ࡚࠸ࡿࠋ 
୍᪉ࠊᾮ┦ỿ㝆ἲ࡟ࡼࡿ⢏Ꮚᚄศᕸ ᐃἲࡣࠊ㔜ຊࡲࡓࡣ㐲ᚰຊ࡟ࡼࡿ⢏Ꮚࡢỿ㝆㏿
ᗘ࠿ࡽࢫࢺ࣮ࢡࢫᚄࢆ ᐃࡍࡿࡓࡵࠊ≀⌮ⓗព࿡ࡀ᫂░࡛ಙ㢗ᛶࡢ㧗࠸᝟ሗࡀᚓࡽࢀࡿࠋ
ᐇ㝿ࠊᾮ┦ỿ㝆ἲࡢཎ⌮ࢆ⏝࠸ࡓ ᐃἲࡣࠊ⡆౽࡟⢏Ꮚᚄศᕸࢆ ᐃ࡛ࡁࡿࡓࡵࠊࡉࡲࡊ
ࡲ࡞ ᐃἲࡀ JIS࡟ࡶ᥇⏝ࡉࢀ࡚࠸ࡿࠋ౛࠼ࡤࠊ୍ᵝỿ㝆ᘧࡢ ᐃἲ࡜ࡋ࡚ࡣࠊࣆ࣌ࢵࢺ
ἲ㸦JIS Z8820-2:2004㸧ࠊẚ㔜ィἲ㸦JIS A1204:2009㸧ࠊ㉁㔞ỿ㝆ἲ㸦JIS Z8822:2001㸧࠾ࡼ
ࡧᾮ┦㔜ຊỿ㝆ἲ㸦JIS Z8820-1:2002㸧ࡀࠊࡲࡓࠊࣛ࢖ࣥࢫࢱ࣮ࢺᘧࡢ ᐃἲ࡜ࡋ࡚ࡣᾮ
┦㐲ᚰỿ㝆ἲ(JIS Z8823-1:2001)ࡀ᥇⏝ࡉࢀ࡚࠸ࡿ 1ࠊ2ࠊ3ࠊ4)ࠋ 
ᾮ┦୍ᵝỿ㝆ἲ࡟ࡼࡿ⡆౽࡞ ᐃἲ࡜ࡋ࡚ࡣ Werner ࡢ᪉ἲࡀ࠶ࡿࠋWerner ࡢ᪉ἲ࡛
ࡣࠊỿ㝆⢏Ꮚࡢ㧗ࡉࡀ⢏Ꮚ㉁㔞࡟ẚ౛ࡍࡿ࡜௬ᐃࡋࠊ⠠ୖ඲⢏Ꮚࡀỿ㝆ࡋ⤊࠼ࡓ㝿ࡢ⢏
Ꮚᒙࡢ㧗ࡉ࡛ࠊ௵ព᫬㛫ࡢỿ㝆⢏Ꮚᒙ㧗ࡉ࡛㝖ࡍࡇ࡜࡛ࠊ✚⟬⢏Ꮚᚄศᕸࢆ⟬ฟࡍࡿ 5)ࠋ
ࡲࡓࠊ◊๐࡜࠸ࡋ⏝◊☻๣ࡢ⢏Ꮚᚄࡢヨ㦂᪉ἲ㸦JIS R6001-2:2017㸧ࡢỿ㝆⟶ヨ㦂᪉ἲ࡛
ࡣࠊ⢏Ꮚࡢỿ㝆㧗ࡉࢆ ᐃࡋࠊᶆ‽⢊యࡢ ᐃ್࡜ẚ㍑ࡍࡿࡇ࡜࡛⢏Ꮚᚄ ᐃࢆ⾜࠺ヨ
㦂ἲࡀ᥇⏝ࡉࢀ࡚࠸ࡿࠋࡋ࠿ࡋࠊᾮ┦࡟࠾ࡅࡿỿ㝆⏺㠃ࡍ࡞ࢃࡕࠊỿ㝆㊥㞳࠿ࡽ⢏Ꮚᚄศ
ᕸࢆ ᐃࡍࡿᡭἲ࡟ࡘ࠸࡚ࡣゝཬࡉࢀ࡚࠾ࡽࡎࠊࡲࡓࠊỿ㝆≀ࡢ⣼✚㧗ࡉ࠿ࡽᚓࡽࢀࡓ
ỿ㝆᭤⥺ࡢゎᯒࡣ⤒㦂ⓗ࡟ᢅࢃࢀ࡚࠾ࡾࠊ⌮ㄽⓗ࡞᰿ᣐࡀஈࡋ࠿ࡗࡓࠋ 
ࡑࡇ࡛ࠊᮏሗ࡛ࡣỿ㝆⟶ࢆ⏝࠸ࡓᾮ┦୍ᵝỿ㝆ἲ࡟࠾࠸࡚ࠊᾮ┦ࡢỿ㝆⏺㠃࠿ࡽㄞࡳ
ྲྀࡗࡓỿ㝆㊥㞳ࡀ⢏Ꮚ㉁㔞࡟ẚ౛ࡍࡿ࡜௬ᐃࡋࠊỿ㝆㊥㞳ࢆㄞࡳྲྀࡾ⟬ฟࡋࡓỿ㝆᭤⥺
ࢆ 1) ᥋⥺ἲ࡞ࡽࡧ࡟ 2) 㠀⥺ᙧ཯᚟ἲࡢ୍✀࡛࠶ࡿ Twomey ἲ 6)ࢆ⏝࠸ࡓゎᯒ࡟ࡼࡾ⢏
Ꮚᚄศᕸࡢ⟬ฟࢆヨࡳࡓࠋࡲࡓࠊࡇࢀࡽࡢゎᯒἲࢆ⏝࠸ࡓ⢏Ꮚᚄศᕸࡢಙ㢗ᛶࡢྥୖࡸ
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 ᐃ᫬㛫ࡢ▷⦰ࡢྍ⬟ᛶ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋࡉࡽ࡟ࠊᮏᡭἲࡀࠊ㎰⸆〇๣ࡢ⢏Ꮚᚄศ
ᕸ ᐃ࡟㐺⏝ྍ⬟࠿ࢆ᳨ドࡋࡓࠋ 
  
㻌78 
 
4.2 ⌮ㄽ 
Fig.4-1 ࡟ỿ㝆ἲ࡟ࡼࡿ⢏Ꮚᚄศᕸࡢཎ⌮ࢆ♧ࡍࠋࡲࡎヨ㦂⢏Ꮚࢆ㐺ᙜ࡞᪉ἲ࡟࡚ᾮయ
୰࡟ศᩓࡋࡓࡢࡕ㟼⨨ࡍࡿࠋỿ㝆ኳ⛗ἲ࡛ࡣࠊ୍ᐃ᫬㛫⤒㐣ᚋࡢỿ㝆≀ࡢ㉁㔞ኚ໬ࢆィ
 ࡋࡓᚋࠊ㐺ᙜ࡞᪉ἲ࡛₇⟬ฎ⌮ࢆ⾜࠺ࡇ࡜࡟ࡼࡾ⢏Ꮚᚄศᕸࡢ⟬ฟࢆ⾜࠺ࠋࡇࡇ࡛ࡢ
ỿ㝆㊥㞳ࡢኚ໬ࡣࠊFig.4-1c࡟࠾ࡅࡿᩳ⥺㒊ศࡢ㡿ᇦ࡟࠾࠸࡚㉁㔞ኚ໬ࡢᣲືࢆィ ࡋ࡚
࠸ࡿࡇ࡜࡟࡞ࡿࠋ 
 
 
Fig. 4-1 Principle of particle size measurement by sedimentation method 
 
௦⾲ⓗ࡞ỿ㝆᭤⥺ࢆ Fig.4-2࡟♧ࡍࠋ 
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Fig. 4-2 Schematic diagram of sedimentation curve 
 
ึᮇ࡟Ꮡᅾࡋࡓ⢏Ꮚࡀ඲࡚ỿ㝆ࡋࡓሙྜࡢᾮ୰⢏Ꮚ㉁㔞 G0ࡣḟᘧ࡛⾲ࡉࢀࡿࠋ 
ࡳ૙ ൌ ࢝
࢜
ࢂ
࣋ܘି࣋܎
࣋ܘ
                                                             (1) 
ࡓࡔࡋࠊwࡣ✵Ẽ୰࡛ࡢ⢊య㉁㔞ࠊVࡣ⁐ᾮయ✚ࢆࠊvࡣ Fig.4-1c࡟࠾ࡅࡿᩳ⥺㒊ࡢయ
✚ࠊρpࠊ ρf ࡣࡑࢀࡒࢀ⢏Ꮚ࠾ࡼࡧศᩓ፹ࡢᐦᗘ࡛࠶ࡿࠋヨᩱ⢊యࡢ㉁㔞ᇶ‽ࡢ⢏Ꮚᚄศ
ᕸࢆ f(Dp)࡜ࡍࡿ࡜ࠊ᫬้ t࡟࠾ࡅࡿỿ㝆㉁㔞 G(t)ࡣ Eq. (2)ࡀᡂ❧ࡍࡿࠋࡓࡔࡋࠊv(Dp)ࡣ
୚࠼ࡽࢀࡿ⢏Ꮚࡢỿ㝆㏿ᗘࠊDp(t)ࡣ᫬㛫 t ࡟࠾࠸࡚ỿ㝆㊥㞳 h ࡔࡅỿ㝆ࡍࡿ⢏Ꮚࡢࢫࢺ
࣮ࢡࢫᚄ࡛࠶ࡾ Eq. (3)࡛⾲ࡉࢀࡿࠋ 
ࡳሺ࢚ሻ
ࡳ૙
ൌ ׬ ࢌ൫ࡰܘ൯܌ࡰܘ ൅ ׬
࢜൫ࡰܘ൯࢚
ࢎ ࢌ൫ࡰܘ൯܌ࡰܘ
ࡰܘሺ࢚ሻ
૙
ࡰܘܕ܉ܠ
ࡰܘሺ࢚ሻ
                                (2) 
ࡰܘሺ࢚ሻ ൌ ට
૚ૡࣆࢎ
ሺ࣋ܘି࣋܎ሻࢍ࢚
                                                          (3) 
ࡓࡔࡋࠊμࡣศᩓ፹⢓ᗘ࠾ࡼࡧ gࡣ㔜ຊຍ㏿ᗘࢆ⾲ࡋ࡚࠸ࡿࠋEq. (2) ࡢྑ㎶➨୍㡯ࡣࠊ
᫬้ tࡲ࡛࡟ỿ㝆ࡀ⤊஢ࡍࡿ Dp(t)௨ୖࡢ⢏Ꮚࡢỿ㝆㉁㔞࡛࠶ࡾࠊ➨஧㡯ࡣ⢏Ꮚᚄ Dp(t)௨
ୗࡢ⢏Ꮚࡢỿ㝆㉁㔞ࢆព࿡ࡍࡿࠋ 
ࡇࡇ࡛ỿ㝆᭤⥺࡟࠾࠸࡚᫬㛫 t ࡟࠾ࡅࡿ᥋⥺ࢆᘬࡁ ᐃึᮇ࡟࠾ࡅࡿ⦪㍈ࡢ஺Ⅼࢆ M(t)
࡜ࡍࡿ࡜ Eq. (2)ࡣḟᘧ࡜࡞ࡿࠋ 
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ࡳሺ࢚ሻ ൌ ࡹሺ࢚ሻ ൅ ࢚ ܌ࡳሺ࢚ሻ܌࢚                                                         (4) 
ࡓࡔࡋࠊM(t)ࡣḟᘧ࡛ᐃ⩏ࡉࢀࡿ್࡛࠶ࡿࠋ 
ࡹሺ࢚ሻ ൌ ࡳ૙ ׬ ࢌ൫ࡰܘ൯܌ࡰ࢖
ࡰܘܕ܉ܠ
ࡰܘሺ࢚ሻ
                                                 (5) 
ᚑࡗ࡚ࠊ⢏Ꮚᚄ Dp(t)࡟࠾ࡅࡿ✚⟬⠠ୖศᕸࡣḟᘧ࡛⾲ࡉࢀࡿࠋ 
ࡾሺࡰܘሺ࢚ሻሻ ൌ
ࡹሺ࢚ሻ
ࡳ૙
ൌ ׬ ࢌ൫ࡰܘ൯܌ࡰܘ
ࡰܘܕ܉ܠ
ࡰܘሺ࢚ሻ
                                          (6) 
␗࡞ࡿ nⅬࡢ᫬้ ti࡟ࡘ࠸࡚ Eq. (2)ࢆ㐺⏝ࡋࠊᛂ⟅㛵ᩘ g(tࠊ Dp)ࢆ⏝࠸࡚ኚᙧࡍࡿ࡜ Eq. 
(7)ࡀᚓࡽࢀࡿࠋ 
ࡳሺ࢚ሻ
ࡳ૙
ൌ ׬ ࢍ൫ܑ࢚ࠊࡰܘ൯ࢌ൫ࡰܘ൯܌ࡰܘ            ࡰܘܕ܉ܠ૙ (i=1㹼n)                         (7) 
ࢍ൫࢚ࠊࡰܘ൯ ൌ ࢜
൫ࡰܘ൯࢚
ࢎ                       (0< Dp < Dp(ti))                       (8-1) 
ࢍ൫࢚ࠊࡰܘ൯ ൌ ૚                      ሺሺሻ൏൏ሻ                      ሺͺǦʹሻ
G(t)/G0ࡣࠊᐇ㦂࡟ࡼࡾ ᐃࡉࢀࡿ್࡛࠶ࡾࠊᛂ⟅㛵ᩘ g(tࠊ Dp)ࡣ Eqs. (8-1)ࠊ (8-2)࡟
♧ࡍࡼ࠺࡟᪤▱࡛࠶ࡿࡢ࡛ࠊ⢏Ꮚᚄศᕸ f(Dp)ࢆ⟬ฟࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࠋᮏሗ࡛ࡣࠊ
᫬㛫 t ࡟࠾ࡅࡿィ ㉁㔞 G(t)࡟᭰࠼࡚࠶ࡿ᫬㛫࡟࠾ࡅࡿỿ㝆㊥㞳ࢆ ᐃࡍࡿ࡜ࡇ࡛⢏Ꮚ
ᚄศᕸࡢ ᐃࢆヨࡳࡓࠋᾮ┦୍ᵝỿ㝆ἲ࡛ࡣ ᐃ㛤ጞ᫬࡟ࡣᆒ୍࡞ᠱ⃮ᒙࢆᙧᡂࡋ࡚࠸
ࡿࡀࠊ᫬㛫⤒㐣࡜࡜ࡶ࡟ୖ㒊࡟⃈᫂ᒙࡀ⾲ࢀᠱ⃮ᒙ࡜ࡢ㛫࡟⏺㠃ࡀほᐹࡉࢀࡿࠋᾮ㠃ࡍ
࡞ࢃࡕẼᾮ⏺㠃࠿ࡽᠱ⃮ᒙ࡜⃈᫂ᒙࡢ⏺㠃ࡲ࡛ࡢ㊥㞳ࢆỿ㝆㊥㞳࡜ᐃ⩏ࡋࠊࡇࡢỿ㝆㊥
㞳ࡢᣲືࢆほᐹࡍࡿࡇ࡜࡟ࡼࡿ⢏Ꮚᚄศᕸ ᐃࢆ⾜ࡗࡓࠋ⢏Ꮚᚄศᕸࡢ⟬ฟࡣࠊỿ㝆㊥
㞳ࡢ ᐃ್ࢆ hࠊ ᐃࢆ⤊஢ࡋࡓ㝿ࡢ᭱⤊ⓗ࡞ỿ㝆㊥㞳ࢆ H0࡜ࡋࡓ࡜ࡁ࡟ Eq. (9)ࡀᡂ❧
ࡍࡿ࡜௬ᐃࡋ࡚ヨ㦂⢊యࡢ⢏Ꮚᚄศᕸ ᐃࢆ⾜ࡗࡓࠋ 
ࡳሺ࢚ሻ
ࡳ૙
ൌ ࢎࡴ૙                                                                 (9) 
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4.3 ᐇ㦂⿦⨨࠾ࡼࡧ᪉ἲ 
Fig.4-3࡟ᐇ㦂⿦⨨ࡢᴫ␎ࢆ♧ࡍࠋỿ㝆⟶࡜ࡋ࡚ 20 mLࡢ࣓ࢫࢩࣜࣥࢲ࣮ࢆ⏝࠸ࡓࠋ⢏
Ꮚᚄศᕸ ᐃἲࡢጇᙜᛶࢆホ౯ࡍࡿࡓࡵ࡟ Table 4-1࡟♧ࡍ 3✀㢮ࡢ࢞ࣛࢫࣅ࣮ࢬᶆ‽⢏
Ꮚࡢ⢏Ꮚᚄศᕸࢆ ᐃࡋࡓ 7)ࠋᐊ  20Υࡢ᮲௳ୗࠊヨᩱ⢊యࢆタᐃࡋࡓヨᩱ⃰ᗘ࡜࡞ࡿ
ࡼ࠺࡟⛗㔞ࡋࠊ0.5 mass%࣊࢟ࢧ࣓ࢱࣜࣥ㓟ࢼࢺ࣒ࣜ࢘Ỉ⁐ᾮࢆᡤᐃ㔞ຍ࠼࡚ᠱ⃮ࡋࠊ࢞
ࣛࢫᲬ࡟࡚᧠ᢾࡋ࡞ࡀࡽ 10ศ㛫㉸㡢Ἴศᩓ㸦࿘Ἴᩘ 40 kHzࠊฟຊ 40 W㸧ࢆࡋࡓᚋࠊ⣲
᪩ࡃỿ㝆⟶࡟⛣ࡋ᭰࠼ࠊỈᖹ࡞㠃࡟㟼⨨ࡍࡿ࡜ྠ᫬࡟ ᐃࢆ㛤ጞࡋࡓࠋỿ㝆㊥㞳ࡢ ᐃ
ࡣࠊ⏺㠃ࡢㄞࡳྲྀࡾࢆᐜ᫆࡜ࡍࡿࡓࡵ࡟㯮Ⰽ⫼ᬒࡢ๓࡟ỿ㝆⟶ࢆタ⨨ࡋࠊࡉࡽ࡟ỿ㝆⟶
ୖ㒊ࡼࡾ 200ࣝࢡࢫ௨ୖࡢ LEDࣛ࢖ࢺ࡟࡚ගࡢ↷ᑕࢆ⾜ࡗࡓࠋ ᐃ㛤ጞᚋࠊỿ㝆⏺㠃ࢆ
⤒᫬ⓗ࡟┠ど࡛ほᐹࡋࡘࡘࠊࢹࢪࢱ࣓ࣝ࢝ࣛ࡟࡚⤒᫬ⓗ࡟᧜ᙳࡋࡓࠋ࡞࠾ࠊFig.4-3 ࡢࡼ
࠺࡟ࠊẼᾮ⏺㠃࠿ࡽ᏶඲࡟⃈᫂࡞ᾮ┦࡜ᠱ⃮ࡀㄆࡵࡽࢀࡿᾮ┦࡜ࡢ⏺㠃ࡲ࡛ࡢ㊥㞳ࢆ┠
ど࡛ࡢỿ㝆㊥㞳࡜ࡋ࡚ ᐃࡋࡓࠋ୍᪉ࠊ᫬㛫⤒㐣࡜࡜ࡶ࡟ᠱ⃮ᒙࡀᕼ㔘ࡉࢀ⏺㠃ࡢㄞࡳ
ྲྀࡾࡀᅔ㞴࡜࡞ࡿࡇ࡜࠿ࡽࠊ᭱⤊ⓗ࡟ㄞࡳྲྀࡗࡓỿ㝆⏺㠃࡜Ẽᾮ⏺㠃࠿ࡽࡢ㊥㞳ࢆ᭱⤊
ỿ㝆㊥㞳 H0࡜ࡋ࡚タᐃࡋࡓࠋ 
 ᐃ⤊஢ᚋ࡟ࠊỿ㝆㊥㞳ࢆᣦᶆ࡜ࡋࡓỿ㝆᭤⥺ࢆᥥ⏬ࡋࠊ᥋⥺ἲ࡞ࡽࡧ࡟㠀⥺ᙧ཯᚟
ἲ࡛࠶ࡿ Twomeyἲࢆ⏝࠸ࡓゎᯒ࡟ࡼࡾ⢏Ꮚᚄศᕸࡢ⟬ฟ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓ 8ࠊ9)ࠋ࡞
࠾ࠊ᥋⥺ἲ࡞ࡽࡧ࡟ Twomey ἲ࡟ࡼࡿ⢏Ꮚᚄศᕸࡢ⟬ฟ࡛ࡣ 20ΥࡢỈࡢᐦᗘࡢ ρf = 998 
kg/m3ࠊ ⢓ᗘ μ = 1.010-3  Pa㺃s࡜タᐃࡋ࡚⟬ฟࡋࡓࠋ 
 
Fig. 4-3 Schematic diagram of experimental set-up 
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Table4-1 Properties of tested particles 
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4.4 ᐇ㦂⤖ᯝ࠾ࡼࡧ⪃ᐹ 
 
4.4.1 ᥋⥺ἲ࡟ࡼࡿ⢏Ꮚᚄゎᯒ 
3 ✀㢮ࡢ࢞ࣛࢫࣅ࣮ࢬᶆ‽⢏Ꮚ࡟ࡘ࠸࡚ࠊ1.5 mass%ࡢᠱ⃮ᾮࢆస〇ࡋ⏺㠃ࢆㄞࡳྲྀࡾ
ỿ㝆᭤⥺ࡢᥥ⏬ࢆ⾜ࡗࡓࠋMBP 10-100ᶆ‽⢏Ꮚ࡟࠾࠸࡚ࠊ᭱⤊ỿ㝆㊥㞳 H0ࢆ 5 cm࡜ࡋ
࡚ࣉࣟࢵࢺࡋࡓỿ㝆᭤⥺࠾ࡼࡧ᥋⥺ἲ࡟ࡼࡾ⟬ฟࡋࡓ⢏Ꮚᚄศᕸ࡜㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾
㸦SEM㸧࡟ࡼࡾ ᐃࡋࡓ⢏Ꮚᚄศᕸࢆẚ㍑ࡋࡓ⤖ᯝࢆ Fig.4-4࡟♧ࡍࠋFig.4-4a࡟♧ࡋࡓ
ỿ㝆᭤⥺ࡣࠊ┠ど࡛ㄞࡳྲྀࡗࡓ⏺㠃ࡍ࡞ࢃࡕỿ㝆㊥㞳ࡀ᫬㛫⤒㐣࡜࡜ࡶ࡟ቑຍࡋࠊ஧ḟ
᭤⥺࡛㏆ఝྍ⬟࡞ỿ㝆ᣲືࢆ♧ࡋࡓࡇ࡜࠿ࡽࠊ᥋⥺ἲ࡟ࡼࡿ⢏Ꮚᚄศᕸ ᐃࡀྍ⬟࡛࠶
ࡗࡓࠋFig.4-4b ࡟♧ࡋࡓ᥋⥺ἲ࡟ࡼࡾ⟬ฟࡉࢀࡓ⢏ᏊᚄศᕸࡣࠊSEM ࡟ࡼࡾ ᐃࡋࡓᐇ
 ್࡜㏆ఝࡋࡓ⢏Ꮚᚄศᕸࢆ♧ࡋࡓࡶࡢࡢࠊィ⟬್ࡣࡼࡾ⢏Ꮚᚄࡀᑠࡉ࠸㡿ᇦ࡟ࢩࣇࢺ
ࡋ࡚࠾ࡾࠊṇ☜࡞⢏Ꮚᚄศᕸࡣᚓࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡣࠊ┠ど࡛ㄞࡳྲྀࡗࡓỿ㝆㊥㞳ࡣ᏶
඲࡟⃈᫂࡞ᾮ┦࡜ᠱ⃮ᒙࡢ⏺㠃࡜Ẽᾮ⏺㠃ࡢ㊥㞳ࢆ ᐃࡋ࡚࠸ࡿࡓࡵࠊᐇ㝿ࡢỿ㝆㊥㞳
࡜␗࡞ࡾࠊ┿ࡢ⏺㠃ࡣ┠どࡼࡾࡶỿ㝆㊥㞳ࡀ㛗࠸㡿ᇦࠊࡍ࡞ࢃࡕᠱ⃮ᒙࡢ୰࡟Ꮡᅾࡍࡿ
ࡓࡵ࡟⏕ࡌࡓ࡜᥎ ࡉࢀࡓࠋ 
 
Fig. 4-4 Calculation of particle size distribution by tangent line method for MBP 10-100 
based on visual observation 
 
Fig.4-5࡟MBP 1-10࠾ࡼࡧMBP3-30ᶆ‽⢏Ꮚ࡟࠾࠸࡚᭱⤊ỿ㝆㊥㞳 H0ࢆࡑࢀࡒࢀ 3.5 
cm ࠾ࡼࡧ 5 cm ࡜ࡋ࡚ࣉࣟࢵࢺࡋࡓỿ㝆᭤⥺࠾ࡼࡧᐇ㦂್ࡢ㏆ఝ᭤⥺ࢆ♧ࡍࠋ┠ど࡛ㄞ
ࡳྲྀࡗࡓỿ㝆㊥㞳ࡣࠊ᫬㛫⤒㐣࡜࡜ࡶ࡟ቑຍࡋࡓࡀࠊMBP 10-100࡜␗࡞ࡾ࡯ࡰ┤⥺ⓗ࡟
ୖ᪼ࡋࠊ┤⥺㏆ఝ࡛㧗࠸┦㛵ࡀᚓࡽࢀࡓࠋࡑࡢࡓࡵࠊ᥋⥺ἲ࡟ࡼࡿ⢏Ꮚᚄศᕸゎᯒࢆヨࡳ
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ࡓࡀࠊ᥋⥺ࢆᥥ⏬ࡍࡿࡇ࡜ࡀ࡛ࡁࡎࠊ⢏Ꮚᚄศᕸゎᯒ⤖ᯝࢆᚓࡿࡇ࡜ࡣ࡛ࡁ࡞࠿ࡗࡓࠋẚ
㍑ⓗ⢏Ꮚᚄࡢ኱ࡁ࠸ MBP 10-100 ᶆ‽⢏Ꮚ࡛ࡣ᥋⥺ἲࢆ⏝࠸ࡓ⢏Ꮚᚄ ᐃࡢྍ⬟ᛶࡀ♧
၀ࡉࢀࡓࡶࡢࡢࠊMBP 3-30࠾ࡼࡧMBP 1-10ᶆ‽⢏Ꮚࡢ⢏Ꮚᚄศᕸ ᐃࡣ୙ྍ࡛࠶ࡗࡓࠋ
ࡍ࡞ࢃࡕࠊ┠ど࡛ㄞࡳྲྀࡗࡓỿ㝆㊥㞳࠿ࡽᥥ⏬ࡋࡓỿ㝆᭤⥺ࢆ⏝࠸࡚᥋⥺ἲ࡟࡚ゎᯒࡍ
ࡿࡇ࡜࡛⢏Ꮚᚄศᕸࢆ⟬ฟࡍࡿᡭἲࡣỗ⏝ⓗ࡟౑⏝ࡍࡿࡢࡣᅔ㞴࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋ 
 
 
Fig. 4-5 Sedimentation curve for MBP 3-30 and MBP1-10 by visual observation 
 
 
4.4.2 Twomeyἲ࡟ࡼࡿ⢏Ꮚᚄศᕸゎᯒ 
ձ Twomeyἲࡢ㐺⏝ホ౯ 
ḟ࡟ࠊTwomeyἲࡼࡿ⢏Ꮚᚄศᕸゎᯒࢆ⾜ࡗࡓࠋ࡞࠾ࠊTwomeyἲ࡟࠾ࡅࡿ཯᚟ィ⟬ࡢ
⠊ᅖࢆ 0.1㹼500 μmࠊ⢏Ꮚᚄศ๭ᩘࢆ 100ࠊỿ㝆㊥㞳 ᐃⅬᩘࢆ 12Ⅼ࡜ࡋࠊ᭱⤊ỿ㝆㊥㞳
H0ࡣࡑࢀࡒࢀ ᐃࡋࡓ᭱ᚋࡢỿ㝆㊥㞳࡟タᐃࡋ࡚ィ⟬ࢆ⾜ࡗࡓࠋFig.4-6࡟ 3✀ࡢ࢞ࣛࢫ
ࣅ࣮ࢬᶆ‽⢏Ꮚࡢィ⟬⤖ᯝࢆ SEM࡟࡚ ᐃࡋࡓ⢏Ꮚᚄศᕸࢆẚ㍑ࡋࡓᅗࢆ♧ࡍࠋTwomey
ἲ࡟ࡼࡾ⟬ฟࡋࡓ⢏Ꮚᚄศᕸࡣࠊ࠸ࡎࢀࡢ⢏Ꮚᚄࡢ࢞ࣛࢫࣅ࣮ࢬ࡟࠾࠸࡚ࡶᐇ ್࡜㏆
ఝࡋࡓᙧ≧ࢆᥥ࠸ࡓࡀࠊᐇ ್ࡼࡾࡶ⢏Ꮚᚄࡀᑠࡉ࠸㡿ᇦ࡟ࢩࣇࢺࡋࡓศᕸࡀᚓࡽࢀࡓࠋ
4.1 ࡛㏙࡭ࡓࡼ࠺࡟ࠊ⢏Ꮚᚄศᕸ ᐃࡀ୙ྍ࡛࠶ࡗࡓ᥋⥺ἲ࡜ࡣ␗࡞ࡾࠊTwomeyἲࢆ⏝
࠸ࡿࡇ࡜࡛ࠊSEM ᐃ್࡟㏆ఝࡋࡓ⢏Ꮚᚄศᕸࢆᚓࡽࢀࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓ୍ࠋ ᪉࡛ࠊ
SEM ᐃ್࡜ࡢ୰఩ᚄࡢᕪࡣ኱ࡁࡃࠊࡑࡢಙ㢗ᛶࡣ༑ศ࡞ࡶࡢ࡛ࡣ࡞࠿ࡗࡓࠋᾮ┦୍ᵝ
ỿ㝆ἲ࡛࠶ࡿWernerࡢ᪉ἲ࡛ࡣࠊ⠠ୖ඲⢏Ꮚࡀỿ㝆ࡋ⤊࠼ࡓ㝿ࡢ⢏Ꮚᒙࡢ㧗ࡉ࡛ࠊ௵ព
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᫬㛫ࡢỿ㝆⢏Ꮚᒙ㧗ࡉࢆ㝖ࡍࡇ࡜࡛ࠊ✚⟬⢏Ꮚᚄศᕸࢆ⟬ฟࡋ࡚࠸ࡓ୍ࠋ ᪉ࠊᮏሗࡢỿ㝆
⟶࡟ࡼࡿ ᐃἲ࡛ࡣࠊࡍ࡭࡚ࡢ⢏Ꮚࡀỿ㝆ࡋࡓ࡜᝿ᐃࡉࢀࡿ⃈᫂ᒙ࡜ᠱ⃮ᒙࡢቃࢆỿ㝆
⏺㠃࡜ࡋ࡚ỿ㝆㊥㞳࡜ࡋ࡚┠ど࡛ㄞࡳྲྀࡗ࡚࠸ࡿࡓࡵࠊ┠ど࡛ᚓࡽࢀࡓỿ㝆⏺㠃ࡣࠊᐇ
㝿ࡢ⢏Ꮚࡢỿ㝆⏺㠃ࡼࡾࡶ㐜ࢀ࡚⌧ࢀ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓࠋࡍ࡞ࢃࡕ┠ど࡛ࡣᤊ࠼ࡽࢀ
࡞࠸⏺㠃ࡀᏑᅾࡍࡿ࡜௬ᐃࡋࠊ⏬ീⰍゎᯒࢆ⏝࠸ࡓ⏺㠃ࡢㄞࡳྲྀࡾ࡟ࡼࡿ⢏Ꮚᚄศᕸゎ
ᯒࢆ⾜ࡗࡓࠋ 
 
Fig. 4-6 Comparison of measured and calculated distribution for each standard particle on 
visual observation 
 
ղ ⏬ീⰍゎᯒ࡟ࡼࡿ⏺㠃ࡢタᐃ 
ỿ㝆㊥㞳ࡢㄞࡳྲྀࡾࢆỿ㝆⏺㠃ࡢ⏬ീⰍゎᯒ࡟ࡼࡿุᐃ࡟࡚⾜ࡗࡓࠋ3ࡢᐇ㦂᪉ἲ࡟ᚑ
࠸ỿ㝆⟶ヨ㦂ࢆᐇ᪋ࡋࠊ୍ᐃ᫬㛫ࡈ࡜࡟ỿ㝆⏺㠃௜㏆ࢆࢹࢪࢱ࣓ࣝ࢝ࣛ㸦⏬⣲ᩘ 1000୓
௨ୖ㸧࡛ ᧜ᙳࡋࡓࠋᮏሗ࡛ࡣࠊ⡆౽࠿ࡘᏳ౯࡞⢏Ꮚᚄ ᐃἲࡢ☜❧ࢆ┠ⓗ࡜ࡋ࡚࠸ࡿࠋࡑ
ࡇ࡛ࠊ⏬ീⰍゎᯒࡣ࢖ࣥࢱ࣮ࢿࢵࢺ࡟↓ᩱ࡛බ㛤ࡉࢀ࡚࠸ࡿ⏬ീゎᯒࢯࣇࢺ㸦Color-
Sample.com㸧ࢆ⏝࠸ࡓࠋ 
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⏬ീⰍゎᯒࢧ࢖ࢺ㸦https://www.color-sample.com/others/imageanalysis/㸧࡟࢔ࢡࢭࢫࡋࠊ
᧜ᙳࡋࡓỿ㝆⟶ࡢ෗┿ࢆ Web࣮࣌ࢪࡢ⏬ീⰍゎᯒ㡿ᇦ࡟ࢻࣛࢵࢢࡍࡿࠋࢻࣛࢵࢢࡋࡓ෗
┿࡟࣮࢝ࢯࣝࢆྜࢃࡏࡿࡇ࡜࡛ࠊ࣮࢝ࢯࣝ఩⨨ࡢ⏬ീⰍ࡟㛵ࡍࡿ᝟ሗࢆᚓࡿࡇ࡜ࡀ࡛ࡁ
ࡿࠋ⏬ീⰍゎᯒࢆᐇ᪋ࡍࡿ࡟࠶ࡓࡾࠊࡲࡎ┠ど࡛ᚓࡽࢀࡿ⏺㠃ࡀࠊ⏬ീⰍゎᯒ࡛ࡣࠊ࡝ࡢ
ࡼ࠺࡟ᐃ⩏࡛ࡁࡿ࠿ࢆホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊRGB ್ࢆ⏝࠸࡚ࠊ┠どࡢỿ㝆㊥㞳ࡀᐃ⩏࡛
ࡁࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡇࡇ࡛ࠊRGB್࡜ࡣࠊⰍࢆᣦᐃࡍࡿࡓࡵࡢ್࡛࠶ࡾࠊ㉥㸪⥳㸪㟷
ࡢྛⰍࢆ 0㹼255ࡢ್࡛ᣦᐃࡋࠊࡑࡢ್ࡢ⤌ࡳྜࢃࡏ࡟ࡼࡗ࡚ⰍࢆỴࡵࡿࡇ࡜ࡀྍ⬟࡜࡞
ࡿࠋ౛࠼ࡤⓑࡣ R:G:B=255:255:255 ࡛࠶ࡾࠊ㯮Ⰽࡣ R:G:B=0:0:0 ࡜࡞ࡿࠋࡇࡢ RGB ್ࢆ
⏝࠸࡚┠どࡢỿ㝆㊥㞳ࢆᐃ⩏ࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡗࡓࠋࡍ࡞ࢃࡕࠊ㉥ (Red)ࠊ⥳ (Green)ࠊ
㟷 (Blue)ࡑࢀࡒࢀࡢᩘ್ࡀࠊ150ࢆୗᅇࡿᆅⅬࢆ⏺㠃㸦௨ୗ RGB150⏺㠃㸧࡜ࡋ࡚ㄞࡳྲྀ
ࡗࡓሙྜ࡟┠ど࡛ࡢ⏺㠃ㄞࡳྲྀࡾ࡟㏆࠸್ࢆ♧ࡍࡇ࡜ࡀุ᫂ࡋࡓࠋFig. 4-7࡟ 3✀ࡢᶆ‽
⢏Ꮚ࡟࠾࠸࡚ࠊ┠ど࡛ㄞࡳྲྀࡗࡓỿ㝆㊥㞳࡜ RGB150 ⏺㠃࡛ㄞࡳྲྀࡗࡓỿ㝆㊥㞳ࡢẚ㍑
ᅗࢆ♧ࡍࠋ࠸ࡎࢀࡢᶆ‽⢏Ꮚࡢ⤖ᯝ࡟࠾࠸࡚ࡶࠊ┠どࡢ⏺㠃࡜ RGB150 ⏺㠃ࡢ್ࡣ࡯ࡰ
୍⮴ࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋ 
 
Fig. 4-7 Comparison of sedimentation distance measured by visual observation and image 
analysis based on RGB150 for each standard particle 
㻌87 
 
ࡇࡢࡼ࠺࡟⏬ീⰍゎᯒ࡟࡚┠ど࡜ྠᵝࡢⰍㄪุูࡀྍ⬟࡛࠶ࡿࡇ࡜ࡀุ᫂ࡋࡓࡇ࡜࠿
ࡽࠊࡘࡂ࡟┠ど࡛ᤊ࠼ࡽࢀ࡞࠸⏺㠃ࢆ⏬ീⰍゎᯒ࡟࡚タᐃࡍࡿࡇ࡜࡛ࠊ⢏Ꮚᚄศᕸࡢಙ
㢗ᛶྥୖࢆ᳨ウࡋࡓࠋ┠ど࡛ᚓࡽࢀࡓỿ㝆㊥㞳ࢆ⏝࠸࡚⟬ฟࡋࡓ⢏Ꮚᚄศᕸࡣᐇ ್ࡼ
ࡾࡶᚤ⣽⢏Ꮚᚄ㡿ᇦ࡟ࢩࣇࢺࡋ࡚࠸ࡿࡇ࡜࠿ࡽࠊ┿ࡢỿ㝆㊥㞳ࡣ┠ど࡛ᚓࡽࢀࡿỿ㝆㊥
㞳ࡼࡾࡶ኱ࡁ࠸್࡛࠶ࡿ᥎ᐃࡉࢀࡿࠋᚑࡗ࡚ࠊRGBࡢᩘ್ࡀ㧗࠸ࠊࡍ࡞ࢃࡕ⢏Ꮚᠱ⃮ᒙ
ୗ㒊࡟┿ࡢ⏺㠃ࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋࡲࡓࠊ᧜ᙳࡋࡓỿ㝆⟶ࡢᠱ⃮ᒙ࡟࠾࠸࡚RGB್ࡣࠊ
ỿ㝆⟶ୖ㒊ࡢᾮ㠃࠿ࡽỿ㝆⟶ୗ㒊࡟ྥ࠿࠺࡟ࡘࢀ࡚ୖ᪼ࡋࠊ୍ᐃ್࡟₞㏆ࡍࡿഴྥ࡟࠶
ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡇࡢࡇ࡜࠿ࡽࠊFig.4-8 ࡟♧ࡍࡼ࠺࡟ RGB150 ࡢ⏺㠃࡜ RGB ್ࡀ୍
ᐃ࡜࡞ࡿ⏺㠃࡟ᣳࡲࢀࡓ㡿ᇦ࡟ỿ㝆⏺㠃ࡀᏑᅾࡍࡿ࡜௬ᐃࡋࠊ⏺㠃㸦A㸧࠿ࡽ⏺㠃㸦C㸧
ࡲ࡛ኚືࡉࡏࡿࡇ࡜࡛⢏Ꮚᚄ⟬ฟࡢಙ㢗ᛶྥୖࢆヨࡳࡓࠋ 
 
 
Fig. 4-8 Definition of interface by image analysis 
 
⏺㠃ࢆኚືࡉࡏ࡚ Twomeyἲ࡟ࡼࡾ⟬ฟࡋࡓྛᶆ‽⢏Ꮚࡢ⢏Ꮚᚄศᕸࢆ Fig.4-9, Fig.4-
10࠾ࡼࡧ Fig.4-11࡟♧ࡍࠋᅗ୰ࡢ◚⥺ࡀ RGB್ 150ࡢ⏺㠃(A)ࠊᐇ⥺ࡀ RBG್ࡀ୍ᐃ࡜
࡞ࡿ᪂ࡓ࡟タᐃࡋࡓ⏺㠃(C)ࡼࡾ⟬ฟࡋࡓ⢏Ꮚᚄศᕸࢆ⾲ࡋ࡚࠸ࡿࠋࡇࡢࡼ࠺࡟ỿ㝆⏺㠃
ࢆ㸦A㸧࠿ࡽ㸦C㸧࡟ㄞࡳ┤ࡍࡇ࡜࡟ࡼࡾ SEM ᐃ್࡟ࡼࡾ㏆ఝࡋࡓ್ࢆ♧ࡍ⤖ᯝࡀᚓࡽ
ࢀࡓࡶࡢࡢࡉࡽ࡞ࡿಙ㢗ᛶࡢྥୖࡢࡒࡲࢀࡓࠋࡍ࡞ࢃࡕᮏ ᐃἲ࡛⏝࠸ࡿ࡭ࡁ⏺㠃ࡣ Fig. 
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4-8ࡢ⏺㠃(C)ࡼࡾࡶࡉࡽ࡟῝࠸఩⨨࡟࠶ࡿ⏺㠃㸦D㸧࡟࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋࡑࡇ࡛ࠊ⏬ീ
ฎ⌮ࡼࡾᚓࡽࢀࡓ⏺㠃㸦C㸧࡟⿵ṇಀᩘࢆタࡅࡿࡇ࡜࡟ࡼࡾಙ㢗ᛶࡢྥୖࢆ᳨ウࡋࡓࠋ 
 
Fig. 4-9 Effect of interface on particle size distributions for MBP10-100 
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Fig. 4-10 Effect of interface on particle size distributions for MBP 3-30 
 
Fig. 4-11 Effect of interface on particle size distributions for MBP 1-10 
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ձ ỿ㝆㊥㞳࡬ࡢ⿵ṇಀᩘࡢᑟධ 
ୖグࡢ⏬ീⰍゎᯒ࡟ࡼࡿ⏺㠃ࡢタᐃࡢࡳ࡛ࡣᐇ ್ࡢಙ㢗ᛶࡣ༑ศ࡛ࡣ࡞࠸ࡇ࡜ࡀ♧
၀ࡉࢀࡓࠋࡲࡓࠊFig.4-8ࡢ⏺㠃㸦C㸧ࢆỿ㝆⏺㠃࡜タᐃࡋࡓሙྜ࡟࠾࠸࡚ࡶ⟬ฟࡉࢀࡿ⢏
Ꮚᚄศᕸࡣᚤ⣽㡿ᇦഃ࡟఩⨨ࡋ࡚࠸ࡿࡇ࡜࠿ࡽࠊ ᐃࡍ࡭ࡁỿ㝆㊥㞳ࡣ⏺㠃㸦C㸧ࢆ⏝࠸
ࡓሙྜࡼࡾࡶ኱ࡁ࡞್࡛࠶ࡿ㸦D㸧ࡢ఩⨨࡟࠶ࡿࡇ࡜ࡀ᝿ᐃࡉࢀࡿࠋࡑࡇ࡛ḟᘧࡢࡼ࠺࡟
ࡇࢀࡲ࡛᭱ࡶಙ㢗ᛶࡢ㧗࠸ࢹ࣮ࢱࡢᚓࡽࢀ࡚࠸ࡿ⏺㠃㸦C㸧ࡢỿ㝆㊥㞳 hc ࡟⿵ṇಀᩘ β
ࢆ࠿ࡅ࡚⟬ฟࡋࡓỿ㝆㊥㞳 hDࢆ⏝࠸ࡿࡇ࡜࡛ಙ㢗ᛶࡢྥୖࡢ᳨ウࢆ⾜ࡗࡓࠋ 
ࢎࡰ ൌ ࢼࢎ࡯                                                               (10) 
βࢆ✀ࠎኚ᭦ࡉࡏ࡚ィ⟬ࡋࡓ⤖ᯝࠊ⿵ṇಀᩘࢆ 2.0࡜タᐃࡍࡿࡇ࡜࡛ࠊ࠸ࡎࢀࡢᶆ‽⢏
Ꮚ࡟࠾࠸࡚ࡶ SEM ᐃ್࡜Ⰻዲ࡟㏆ఝࡋࡓ್ࡀᚓࡽࢀࠊ≉࡟୰఩ᚄࡢ⟬ฟࢆ┠ⓗ࡜ࡋࡓ
ሙྜ࡟ࡣ㧗࠸⢭ᗘ࡛⢏Ꮚᚄண ࡀྍ⬟࡜࡞ࡗࡓࠋࡑࢀࡒࢀࡢᶆ‽⢏Ꮚࡢ SEM ᐃ್࡜⿵
ṇಀᩘ β=2ࢆᑟධࡋࡓ₇⟬⤖ᯝࢆẚ㍑ࡋࡓ⤖ᯝࢆ Fig.4-12, Fig.4-13࠾ࡼࡧ Fig.4-14࡟ᐇ
⥺࡛♧ࡋࡓࠋ◚⥺࡛♧ࡋࡓ⿵ṇಀᩘࢆᑟධࡋ࡞࠸⤖ᯝ࡜ẚ㍑ࡋ࡚ࠊ㧗࠸ಙ㢗ᛶࢆࡶࡗ࡚
⢏Ꮚᚄศᕸࢆ⟬ฟࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋ 
ᮏ❶࡛ࡣࠊᾮ┦୍ᵝỿ㝆ἲ࡟࠾࠸࡚ࡑࡢỿ㝆⏺㠃࠿ࡽᚓࡽࢀࡿỿ㝆㊥㞳ࢆ⤒᫬ⓗ࡟ 
ᐃࡍࡿࡇ࡜࡟ࡼࡿ⢏Ꮚᚄศᕸ ᐃἲࡢ☜❧ࢆヨࡳࡓࠋ௬࡟ࡍ࡭࡚ࡢ⢏Ꮚᚄࡀྠ୍ࡢ࡛࠶
ࡿ༢ศᩓࡢሙྜࠊ᏶඲࡟⃈᫂࡞ᒙ࡜ᠱ⃮ᒙࡢቃ⏺ࢆỿ㝆⏺㠃࡜タᐃࡍࡿࡇ࡜࡛⢏Ꮚᚄࡢ
 ᐃࡀ⌮ㄽⓗ࡟ྍ⬟࡛࠶ࡿࠋࡋ࠿ࡋᐇ㝿ࡣᵝࠎ࡞⢏Ꮚᚄࢆᣢࡘ⢏ᏊࡀᏑᅾࡋ࡚࠾ࡾࠊṇ
☜࡞ỿ㝆⏺㠃ࡢタᐃࡣᐜ࡛᫆ࡣ࡞ࡃ࡞ࡿࠋࡍ࡞ࢃࡕࠊ ᐃ㛤ጞ┤ᚋࠊ኱ࡁ࡞⢏Ꮚࡢỿ㝆ࡀ
⏕ࡌ࡚࠸ࡿሙྜࡶࡑࡢ⢏Ꮚࡼࡾࡶᚤ⣽࡞⢏Ꮚࡀ୍ᐃ๭ྜ࡜ࡋ࡚Ꮡᅾࡍࡿࡓࡵࠊ┠どุ࡛
ูྍ⬟࡞ỿ㝆⏺㠃ࡢⓎ⏕ࡣ㐜ࢀ࡚⏕ࡌࡿࡇ࡜࡟࡞ࡿࠋࡑࡢࡓࡵࡇࡢ㐜ࢀࢆᐃ㔞ⓗ࡟ᐃ⩏
ࡍࡿᚲせ࡛࠶ࡾࠊᮏ❶ࡢ᳨ウ࡛ࡣ⏺㠃ࢆ⏬ീฎ⌮ࡋ RGB್ࡀ୍ᐃ࡜࡞ࡿ⏺㠃࡟⿵ṇಀᩘ
2 ࢆ࠿ࡅࡓ್ࡀ㐺ᙜ࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋRGB ್ࡣᠱ⃮⢏Ꮚࡢ⃰ᗘࢆᐃ㔞໬ࡋࡓ್࡛
࠶ࡿ࡜⪃࠼ࡽࢀࠊᠱ⃮⢏Ꮚࡢ⃰ᗘࡣỿ㝆⟶ୖ㒊࠿ࡽୗ㒊࡟࠿ࡅ࡚ᚎࠎ࡟⃰ཌ࡜࡞ࡾࠊࡲ
ࡓࡑࡢศᕸ≧ែࡀ⤒᫬ⓗ࡟ኚ໬ࡋ࡚࠸ࡿࠋࡇࡢኚ໬ࡢᣲືࡣࡑࡢ᳨యࡢ⢏Ꮚᚄศᕸ࡟౫
Ꮡࡋ࡚࠾ࡾࠊỿ㝆㊥㞳ࡢタᐃࡀ㐺ษ࡟⾜ࢃࢀࢀࡤࠊಙ㢗ᛶࡢ㧗࠸⢏Ꮚᚄศᕸࡢ⟬ฟࡀྍ
⬟࡛࠶ࡿࡇ࡜ࠊࡍ࡞ࢃࡕࠊ(9)ࡢ௬ᐃࡀᡂ❧ࡋ࡚࠾ࡾࠊ⏺㠃㊥㞳ࡢ⤒᫬ⓗ࡞᥎⛣ࡀࠊỿ㝆
㔜㔞ࡢ✚⟬ᣲື࡜㢮ఝࡍࡿࡇ࡜ࡀ᥎ᐹࡉࢀࡓࠋ 
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Fig.4-12 Effect of interface on particle size distributions for MBP 10-100 
 
 
Fig.4-13 Effect of interface on particle size distributions for MBP 3-30 
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Fig.4-14 Effect of interface on particle size distributions for MBP 1-10 
 
ղ ỿ㝆ἲ࡟ࡼࡿ㎰⸆Ỉᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄศᕸ ᐃ 
ḟ࡟ࠊᚓࡽࢀࡓ ᐃἲࢆ⏝࠸࡚㎰⸆Ỉᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄศᕸ ᐃࡀྍ⬟࠿ࢆ☜ㄆࡋ
ࡓࠋ㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻࢆ 20 mass%㓄ྜࡋࡓỈᛶᠱ⃮ࢰࣝ(Dp50 = 8.7 μm)ࢆస〇
ࡋࠊᚓࡽࢀࡓỈᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄศᕸࢆホ౯ࡋࡓࠋTable 4-2࡟స〇ࡋࡓ࣌ࣥࢳ࢜ࣆࣛ
ࢻỈᛶᠱ⃮ࢰࣝࡢฎ᪉ࢆ♧ࡍࠋ㎰⸆〇๣ࡢ⢏Ꮚᚄ ᐃࡣࠊ୍⯡ⓗ࡟ Fraunhofer ᅇᢡ࠾ࡼ
ࡧ Mie ᩓ஘⌮ㄽࢆ฼⏝ࡋࡓ࣮ࣞࢨ࣮ᅇᢡ࣭ᩓ஘ᘧ⢏Ꮚᚄศᕸ ᐃ⿦⨨ࡀ⏝࠸ࡽࢀ࡚࠸ࡿ
ࡇ࡜࠿ࡽࠊHORIBA LA-950®㸦ᇼሙ〇సᡤओ〇㸧ࢆ⏝࠸࡚ ᐃࡋࡓ⢏Ꮚᚄศᕸࢆᐇ ್࡜
ࡋ࡚ࠊỿ㝆⟶ࢆ⏝࠸ࡓỿ㝆㊥㞳 ᐃ࠿ࡽ⢏Ꮚᚄศᕸ ᐃࢆ⾜ࡗࡓࠋ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶ
ᠱ⃮ࢰࣝ 0.5 gࢆ࣏ࣜ࢜࢟ࢩ࢚ࢳࣞࣥࣀࢽࣝࣇ࢙ࢽ࢚࣮ࣝࢸࣝሷ㸦ࢽ࣮ࣗࢥ࣮ࣝ 560ࠊ᪥
ᮏங໬๣ओ㸧ࡢ 0.2 w/v%Ỉ⁐ᾮ 100 mLࢆ⏝࠸࡚ศᩓࡉࡏࠊ㉸㡢Ἴศᩓ㸦࿘Ἴᩘ 40 kHzࠊ
ฟຊ 40 W㸧ࢆ 5ศ㛫⾜ࡗࡓ᳨యࢆ LA-950㸦ᒅᢡ⋡ 1.6タᐃ㸧࡟࡚㏱㐣⋡ࡀ⣙ 90%᮲௳࡜
࡞ࡿࡼ࠺࡟ῧຍࡋ࡚ ᐃࡋࡓࠋỿ㝆⟶ࢆ⏝࠸ࡓ⢏Ꮚᚄศᕸ ᐃࡣࠊᶆ‽⢏Ꮚ࡜ྠᵝࡢ᮲
௳ୗ࡛࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆ࣌ࣥࢳ࢜ࣆࣛࢻࡀ 1.5 mass%࡜࡞ࡿࡼ࠺࡟࣊࢟ࢧ
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࣓ࢱࣜࣥ㓟 0.5 mass%Ỉ⁐ᾮ࡛ᕼ㔘ࡋࡓ⁐ᾮࢆヨ㦂᳨య࡜ࡋ࡚ ᐃࢆ⾜ࡗࡓࠋ࡞࠾ࠊ࣌ࣥ
ࢳ࢜ࣆࣛࢻࡢᐦᗘࡣࠊρp = 1270 kg/m3࡜ࡋ࡚⟬ฟࡋࡓࠋ 
 
Table 4-2 Recipe of penthiopyrad suspension concentrate 
 
Fig.4-15 ࡟ᐇ ್࡜ୖグ࡛タᐃࡋࡓゎᯒἲࢆ⏝࠸࡚ỿ㝆㊥㞳 ᐃ࡟ࡼࡾ⟬ฟࡋࡓ⢏Ꮚ
ᚄศᕸࡢẚ㍑ࢆ♧ࡍࠋᶆ‽⢏Ꮚࡢ⤖ᯝ࡜ྠᵝ࡟࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ ᐃ࡟࠾
࠸࡚ࡶ㧗࠸┦㛵ࢆ♧ࡍ⤖ᯝࡀᚓࡽࢀࡓࠋ 
 
Fig. 4-15 Comparison of measured and calculated distribution for penthiopyrad suspension 
concentrate 
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ճ  ᐃ᫬㛫▷⦰ࡢ᳨ウ 
ࡇࢀࡲ࡛㏙࡭࡚ࡁࡓ᪉ἲ࡛ỿ㝆⟶ࡢỿ㝆㊥㞳ࢆタᐃࡋࠊTwomeyἲ࡟ࡼࡾ⢏Ꮚᚄศᕸ 
ᐃࢆ⾜࠺ࡇ࡜࡛ಙ㢗ᛶࡢ㧗࠸⢏Ꮚᚄศᕸࡢ ᐃࡀྍ⬟࡜࡞ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓ୍ࠋ ᪉࡛ࠊ
ẚ㍑ⓗ⢏Ꮚᚄࡀᚤ⣽࡞MBP 1-10ࡸ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰ࡛ࣝࡣࠊỿ㝆⏺㠃ࢆᤊ࠼ࡿ
ࡓࡵ࡟ ᐃ᫬㛫ࡀ㛗ࡃ࡞ࡿഴྥ࡟࠶ࡗࡓࠋࡑࡇ࡛ࠊỿ㝆㊥㞳ࡢ ᐃ᫬㛫ࡢ▷⦰࡞ࡽࡧ࡟
 ᐃᅇᩘࡢ๐ῶࡀྍ⬟࠿ࡢ᳨ウࢆ⾜ࡗࡓࠋFig.4-16࠾ࡼࡧ Fig.4-17࡟MBP 1-10࠾ࡼࡧ࣌
ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝ࡟࠾࠸࡚ࠊ ᐃ᫬㛫ࢆ▷⦰ࡋࡓሙྜࡢ⢏Ꮚᚄศᕸ⟬ฟ⤖ᯝࢆ
♧ࡍࠋMBP 1-10࡛ࡣࠊ ᐃ᫬㛫ࢆึᮇࡢ 6000⛊㸦 ᐃᅇᩘ 12ᅇ㸧࠿ࡽ 2400⛊㸦 ᐃᅇ
ᩘ 6ᅇࠊỿ㝆㊥㞳 3.8੉㸧࡟▷⦰ࡋࡓሙྜࠊࡍ࡞ࢃࡕ ᐃヨᩱࡢ 90%ࡩࡿ࠸ୗ✚⟬⢏Ꮚᚄ
࡟࠶ࡓࡿ⣙ 7ȣmࡼࡾࡶ኱ࡁ࡞⢏Ꮚࢆᑐ㇟࡜ࡋࡓ ᐃ࡛ࡶ㧗࠸ಙ㢗ᛶࢆ⥔ᣢࡋࡓࠋ୍᪉ࠊ
 ᐃ᫬㛫ࢆ 600⛊㸦 ᐃᅇᩘ 3ᅇࠊỿ㝆㊥㞳 1.1੉㸧ࡲ࡛▷⦰ࡍࡿ࡜ᐇ ್࡜ࡢ஋㞳ࡀ኱
ࡁࡃ࡞ࡿഴྥ࡟࠶ࡗࡓࠋࡲࡓࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰ࡛ࣝࡣ ᐃ᫬㛫ࢆึᮇࡢ 9600
⛊࠿ࡽ 2400⛊㸦 ᐃᅇᩘ 3ᅇࠊỿ㝆㊥㞳 0.8੉㸧ࡍ࡞ࢃࡕ ᐃヨᩱࡢ 80%ࡩࡿ࠸ୗ✚⟬
⢏Ꮚᚄ࡟࠶ࡓࡿ⣙ 15ȣmࡼࡾࡶ኱ࡁ࡞⢏Ꮚࡢࡳࡢ ᐃ࡟࠾࠸࡚ࡶࠊ㧗࠸ಙ㢗ᛶࢆ⥔ᣢࡋ
ࡓࠋࡇࡢ⤖ᯝ࠿ࡽࠊ ᐃヨᩱࡢ 80%ࡩࡿ࠸ୗ✚⟬⢏Ꮚᚄ௨ୖࡢ⢏Ꮚᚄࢆᣢࡘ⢏Ꮚࡢỿ㝆
㊥㞳ࢆ ᐃࡍࡿࡇ࡜࡛ࠊ௒ᅇ౪ヨࡋࡓ༢ᓠᛶࡢ⢏Ꮚᚄศᕸࢆᣢࡘ᳨య࡛࠶ࢀࡤࠊᐇ⏝ୖ
ၥ㢟࡞࠸ಙ㢗ᛶࡀᚓࡽࢀࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 
 
Fig.4-16 Effect of measurement time on particle size distribution for MBP1-10 
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Fig.4-17 Effect of measurement time on particle size distribution for penthiopyrad 
suspension concentrate 
 
ᮏ❶ࡢỿ㝆⟶ࢆ⏝࠸ࡓ⢏Ꮚᚄศᕸ ᐃἲࡣࠊ3✀ࡢ࢞ࣛࢫࣅ࣮ࢬᶆ‽⢏Ꮚ࡞ࡽࡧ࡟࣌ࣥ
ࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝ࡟࠾࠸࡚ಙ㢗ᛶࡢ㧗࠸ࢹ࣮ࢱࢆᚓࡽࢀࡿྍ⬟ᛶࢆ♧ࡋࡓࠋ୍᪉
࡛௒ᅇ౪ヨࡋࡓ᳨యࡣ࠸ࡎࢀࡶẚ㍑ⓗ⢏Ꮚᚄศᕸࡢᖜࡀ⊃ࡃ σgࡢ್ࡀ 1.5 ๓ᚋࡢศᕸࢆ
ᣢࡘ᳨య࡛࠶ࡾࠊୟࡘ༢ᓠᛶ⢏Ꮚᚄศᕸࢆᣢࡘ᳨య࡛࠶ࡗࡓࠋࡑࡢࡓࡵẚ㍑ⓗ⏺㠃ࡢㄞ
ࡳྲྀࡾࡀᐜ࡛᫆࠶ࡾࠊ௒ᅇᥦ᱌ࡋࡓᡭἲ࡟ࡼࡿ⢏Ꮚᚄ ᐃࡀྍ⬟࡜࡞ࡗࡓ࡜⪃࠼ࡽࢀࡿࠋ
ࡼࡾᗈ࠸⢏Ꮚᚄศᕸࢆᣢࡘ᳨య࡛ࡣࠊỿ㝆㏿ᗘ࡟ࡼࡾ኱ࡁ࡞ᕪ␗ࡀ࠶ࡿࡓࡵỿ㝆⏺㠃ࡢ
ㄞࡳྲྀࡾࡸタᐃࡀࡼࡾᅔ㞴࡜࡞ࡿྍ⬟ᛶࡀ࠶ࡿࠋࡇࡢࡼ࠺࡞᳨య࡬ࡢ㐺⏝ᛶࡢ☜ㄆ࠾ࡼ
ࡧࡉࡽ࡞ࡿ ᐃἲࡢᨵⰋࡀ௒ᚋࡢㄢ㢟࡛࠶ࡿࠋ 
࡞࠾ࠊᮏ❶ࡢỿ㝆⟶ࢆ⏝࠸࡚ỿ㝆⏺㠃ࢆㄞࡳྲྀࡿࡇ࡜࡛⢏Ꮚᚄศᕸࢆゎᯒࡍࡿᡭἲ࡛
ࡣࠊ⡆᫆ⓗ࡞ᡭἲ࡜ࡣ࠸࠼ࠊ⏬ീゎᯒ࡟ࡼࡿ⏺㠃ࡢタᐃࡀ㔜せ࡞せ⣲࡛࠶ࡗࡓࠋ㏆ᖺࠊ⏬
ീゎᯒฎ⌮ᢏ⾡ࡣ┠ぬࡲࡋ࠸Ⓨᒎࢆ㐙ࡆࠊ෗┿࡞࡝ࡢ⏬ീࢆゎᯒࡍࡿࡇ࡜࡛ࡇࢀࡲ࡛ࡣ
⪃࠼ࡽࢀ࡞࠸࡯࡝ࡢከࡃࡢ᝟ሗࢆ㎿㏿࡟ฎ⌮ࡍࡿࡇ࡜ࡀྍ⬟࡟࡞ࡗ࡚࠸ࡿࠋຍ࠼࡚ேᕤ
▱⬟㸦AI㸧ࡢⓎ㐩࡟ࡼࡾฎ⌮ࡢ㧗ᗘ໬ࠊண ࡀྍ⬟࡜࡞ࡗ࡚࠸ࡿࠋࡇࡢࡼ࠺࡞⏬ീゎᯒᢏ
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⾡࠾ࡼࡧ AIࢆά⏝ࡍࡿࡇ࡜࡟ࡼࡾࠊᮏሗ࡛ᥦ᱌ࡋࡓ⢏Ꮚᚄศᕸ ᐃἲࡢ⢭ᗘࡸࢫࣆ࣮ࢻ
ࡢ᭦࡞ࡿྥୖࡢྍ⬟ᛶࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
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4.5 ᑠᣓ 
ỿ㝆⟶ࢆ⏝࠸ࡓᾮ┦୍ᵝỿ㝆ἲࢆ⏝࠸࡚ࠊᾮ┦ࡢỿ㝆㊥㞳࠿ࡽ⢏Ꮚᚄศᕸࢆ⟬ฟࡍࡿ
ᡭἲ࡟ࡘ࠸࡚ 3 ✀ࡢ࢞ࣛࢫࣅ࣮ࢬᶆ‽⢏Ꮚ࠾ࡼࡧ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆ⏝࠸࡚
᳨ウࡋࠊ௨ୗࡢ▱ぢࢆᚓࡓࠋ 
㸦㸯㸧ỿ㝆⏺㠃ࡢ⏬ീⰍゎᯒࢆ⾜࠸ࠊRGB ࡀ୍ᐃ࡜࡞ࡿ⏺㠃ࢆỿ㝆⏺㠃࡜タᐃࡋࠊ
Twomey ἲࢆ⏝࠸ࡓᩘ್ゎᯒࢆ⾜࠺ࡇ࡜࡛⢏Ꮚᚄศᕸࡢ⟬ฟࡣྍ⬟࡜࡞ࡿሙྜࡀ
࠶ࡿࠋ 
㸦㸰㸧ୖ グ࡟࠾࠸࡚ỿ㝆⏺㠃࡟ࡉࡽ࡟ β ࡟ 2.0 ࢆ㐺⏝ࡍࡿࡇ࡜࡛ࠊ⢏Ꮚᚄศᕸࡢಙ㢗ᛶ
ࡀྥୖࡍࡿࠋ 
㸦㸱㸧ᚓࡽࢀࡓ ᐃᡭἲ࡟࡚㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄศᕸ
ࡢ ᐃࡶྍ⬟࡛࠶ࡿࠋ 
㸦㸲㸧 ᐃ᫬㛫ࢆせࡍࡿᚤ⣽⢏Ꮚࡢሙྜࠊ ᐃヨᩱࡢ 80%ࡩࡿ࠸ୗ✚⟬⢏Ꮚᚄ௨ୖࡢ⢏
Ꮚᚄࢆᣢࡘ⢏Ꮚࡢỿ㝆㊥㞳ࢆ ᐃࡍࡿࡇ࡜࡛ᐇ⏝ୖၥ㢟࡞࠸ಙ㢗ᛶࢆᚓࡽࢀࡿ
ࡇ࡜ࡀ࠶ࡿ 
㸦㸳㸧┠ど࡛ㄞࡳྲྀࡗࡓỿ㝆㊥㞳࠿ࡽᥥ⏬ࡋࡓỿ㝆᭤⥺ࢆ⏝࠸࡚᥋⥺ἲ࡟࡚⢏Ꮚᚄศ
ᕸࢆ⟬ฟࡍࡿࡢࡣᅔ㞴࡛࠶ࡿࠋ 
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౑⏝グྕ 
Dp    : Particle diameter      [μm] 
Dpmax    : Maximum particle diameter     [μm] 
Dp50     : Mass median diameter      [μm] 
Dp(t)    : Critical particle diameter     
 [μm] 
f (Dp)    : Frequency size distribution     [μm-1] 
G(t)    : Sedimentation mass      [kg] 
G0    : Total sedimentation mass     
 [kg] 
g    : Gravity acceleration       [m/s2] 
g(tࠊ Dp)  : Response function      [-] 
H0    : Total sedimentation distance     [m] 
h    : Sedimentation distance      [m] 
M(t)    : Sedimentation mass calculated by tangent line method   [kg] 
n     : Number of sedimentation data     [-] 
R(Dp)(t)  : Oversize integrated distribution      [-] 
t       : Time [s] 
V       : Volume of solution  [-] 
v (Dp)   : Terminal settling velocity  [m/s] 
w    : Mass of particle  [kg] 
β       : Correction coefficient  [-] 
μ       : Viscosity  [Pa㺃s] 
ρp      : Density of particle  [kg/m3] 
ρf      : Density of fluid  [kg/m3] 
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➨ 5❶ ⥲ᣓ 
ᮏㄽᩥ࡛ࡣࠊ㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻࡢỈᛶᠱ⃮ࢰࣝ〇๣ࡢ⢏Ꮚᚄไᚚ࡟ࡘ࠸࡚
᳨ウࢆ⾜࠸ࠊ⢏Ꮚᚄศᕸ࡜⏕≀Ꮫⓗຠᯝࡢ┦㛵ࢆ᫂ࡽ࠿࡜ࡋࡓࠋࡲࡓࠊᾮయࢧ࢖ࢡࣟࣥࡢ
ศ㞳ᛶ⬟ࢆྥୖࡋࠊ‵ᘧศ⣭ᕤ⛬ࢆ⤌ࡳ㎸ࡴࡇ࡜࡟ࡼࡿỈᛶᠱ⃮ࢰࣝࡢ⏕⏘ᛶྥୖࢆ᳨
ウࡋࡓࠋࡉࡽ࡟ࠊ≀⌮ⓗព⩏ࡀ᫂ࡽ࠿࡞ỿ㝆ἲࢆ⏝࠸ࡓࡼࡾ⡆౽࡞⢏Ꮚᚄ ᐃἲࢆ㛤Ⓨ
ࡋࠊ㎰⸆〇๣ࡢ⢏Ꮚᚄ ᐃࡸ≀ᛶ ᐃ࡬ࡢᛂ⏝ࢆヨࡳࡓࠋ⥲ࡌ࡚ࠊ௒ᚋࡢᶵ⬟ⓗ࡞㎰⸆Ỉ
ᛶᠱ⃮ࢰࣝ㛤Ⓨ࡟㈉⊩ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋ 
㎰⸆〇๣ࡢ⢏Ꮚᚄศᕸ࡜⏕≀Ꮫⓗຠᯝࡢ┦㛵࡟ࡘ࠸࡚ࠊ୕஭໬Ꮫ࢔ࢢࣟओࡀ๰ฟࡋࡓ
㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻࡢỈᛶᠱ⃮ࢰࣝ〇๣ࢆ⏝࠸࡚᫂ࡽ࠿࡟ࡋࡓࠋ≉࡟༢࡟⢏Ꮚ
ᚄศᕸ࡟␃ࡲࡽࡎ〇๣ฎ᪉࡟㉳ᅉࡍࡿᩓᕸᾮ୰࡟࠾ࡅࡿ࣌ࣥࢳ࢜ࣆࣛࢻ⢏Ꮚࡢศᩓ≧ែ
ࡀ⏕≀ຠᯝ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚⪃ᐹࡋࡓࠋࡲࡓࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝ࡟࠾࠸
࡚⏕⏘ᛶࡢ㧗࠸ࣅ࣮ࢬ࣑ࣝࡢ⢊○᮲௳ࢆ᫂ࡽ࠿࡟ࡋࡓࠋࡲࡓࠊࣔࢹࣝ⢏Ꮚ࡜ࡋ࡚ࢩࣜ࢝
ࢆ⏝࠸࡚ᾮయࢧ࢖ࢡࣟࣥࡢᛶ⬟ࢆྥୖࡍࡿ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ࡢタィࢆ᫂ࡽ࠿࡜ࡋࠊ㎰⸆
Ỉᛶᠱ⃮ࢰࣝ〇㐀࡬ࡢᛂ⏝࡟ࡘ࠸࡚ㄽࡌࡓࠋࡉࡽ࡟ࠊ≀⌮ⓗព⩏ࡀ᫂☜࡞ỿ㝆ἲࢆཎ⌮
࡜ࡍࡿᴟࡵ࡚⡆౽࡞⢏Ꮚᚄศᕸ ᐃἲࢆ㛤Ⓨࡋࠊ㎰⸆〇๣ࡢ⢏Ꮚᚄ ᐃࡸ≀ᛶ ᐃ࡬ࡢ
ᛂ⏝ࡢྍ⬟ᛶࢆ᫂ࡽ࠿࡜ࡋࡓࠋ 
ᮏㄽᩥࡣ⥴ㄽ࡜⤖ㄽࢆྵࡵࠊ5❶࠿ࡽᵓᡂࡉࢀ࡚࠾ࡾྛࠊ ❶ࢆ⥲ᣓࡋࡓ⤖ㄽࡣୗグࡢ㏻
ࡾ࡛࠶ࡿࠋ 
➨ 1 ❶࡛ࡣࠊ㎰⸆ࡢᯝࡓࡍᙺ๭ࠊ㎰⸆〇๣ᢏ⾡ࠊ≉࡟⢏Ꮚᚄไᚚᢏ⾡ࡢᴫせ࠾ࡼࡧ᪤
 ࡢ◊✲࡟ࡘ࠸࡚ᴫㄝࡋࡓࠋࡲࡓࠊᮏ◊✲ࡢ┠ⓗ࡜ព⩏࡟ࡘ࠸࡚㏙࡭ࡓࠋ 
➨ 2 ❶࡛ࡣࠊ㎰ᴗ⏝ẅ⳦๣࣌ࣥࢳ࢜ࣆࣛࢻࢆ⏝࠸࡚ࠊศᩓᛶࡢ␗࡞ࡿ 2 ฎ᪉࡟࡚Ỉᛶ
ᠱ⃮ࢰࣝࢆヨ〇ࡋࡓࠋᚓࡽࢀࡓỈᛶᠱ⃮ࢰࣝࡢ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓࡜ࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓
ࡢ㜵㝖ຠᯝ࡜⢏Ꮚᚄศᕸࡢ㛵ಀࢆホ౯ࡋࡓࠋ 
࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓ࡢ⪏㞵ᛶࡣࠊᩓᕸᚋࡢ⢏Ꮚࡢ᳜≀⾲㠃࡬ࡢ௜╔≧ែ࡟ࡼࡾᕪ␗ࡀ
ㄆࡵࡽࢀࠊ⢒኱࡞⢏Ꮚ࠾ࡼࡧ୰఩ᚄ 0.30 μm ௨ୗࡢᚤ⣽࡞⢏Ꮚࡢจ㞟యࡀ᳜≀⾲㠃࡟Ꮡ
ᅾࡍࡿሙྜ࡟Ⰻዲ࡞ഴྥࢆ♧ࡋࡓࠋࡲࡓࠊࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓ࡢᇶ♏άᛶ࡞ࡽࡧ࡟ṧຠᛶ
ࡣࠊᩓᕸᚋࡢ⢏Ꮚࡢ᳜≀⾲㠃࡬ࡢ௜╔≧ែ࡟ࡼࡾᕪ␗ࡀㄆࡵࡽࢀࠊᚤ⣽࡞⢏ᏊࡀⰋዲ࡟
ศᩓࡉࢀࡓ≧ែ࡛᳜≀య࡟௜╔ࡋ࡚࠸ࡿሙྜ࡟Ⰻዲ࡞ഴྥࢆ♧ࡋࡓࠋࡇࡢࡇ࡜࠿ࡽࠊ࣌
ࣥࢳ࢜ࣆࣛࢻࡢỈᛶᠱ⃮ࢰࣝࡣ୰఩ᚄࡢࡳ࡞ࡽࡎࠊᩓᕸᾮ࡛ࡢ⢏Ꮚࡢศᩓᛶࡢไᚚࢆ⪃
៖ࡋࡓฎ᪉タィࡀᚲせ࡛࠶ࡿࡇ࡜ࢆ᫂ࡽ࠿࡟ࡋࡓࠋᚓࡽࢀࡓ▱ぢࡣࠊ࣌ࣥࢳ࢜ࣆࣛࢻ௨
እࡢ㎰⸆᭷ຠᡂศ࡟ࡶᛂ⏝ฟ᮶ࡿ࡜⪃࠼ࡽࢀࠊ⢏Ꮚᚄไᚚ࡜ศᩓไᚚᢏ⾡࡞ࡽࡧ࡟ᶆⓗ
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࡜ࡢ᥋ゐ࡟ಀࡿ┦஫స⏝ࢆホ౯ࡍࡿࡇ࡜ࡀ௒ᚋࡢ㎰⸆〇๣ࡢ㧗ᶵ⬟໬࡟ᐤ୚ࡍࡿ࡜ᛮࢃ
ࢀࡿࠋ 
➨ 3 ❶࡛ࡣࠊᐇ⏝ⓗ࡞⢏Ꮚᚄศᕸࢆᣢࡘ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆᚓࡿࡓࡵ࡟ຠ
⋡ⓗ࡞〇㐀᪉ἲࢆ᳨ウࡋࡓࠋ 
ࣅ࣮ࢬ࣑ࣝࡢ୍✀࡛࠶ࡿࢲ࢖ࣀ࣑ࣝࢆ⏝࠸ࡓ࣌ࣥࢳ࢜ࣆࣛࢻࢫ࣮ࣛࣜࡢ⢊○࡟ࡣ᭱㐺
࡞⢊○᮲௳ࡀᏑᅾࡋࠊࢫ࣮ࣛࣜᅛᙧศ 55㸣ࠊ0.8 mm~1.0 mmΦࡢ࢞ࣛࢫࣅ࣮ࢬ඘ሸ⋡ 80㸣
࠾ࡼࡧ⢊○ᶵᅇ㌿⩚᰿ࡢᅇ㌿ᩘ 3200 rpm ࡢ᮲௳ୗ࡛᭱ࡶ㧗࠸⢊○ຠ⋡ࢆ♧ࡋࡓࠋࡲࡓࠊ
ᚤ⣽࡞⢏Ꮚᚄศᕸࢆࢲ࢖ࣀ࣑ࣝ⢊○࡛ᚓࡿࡓࡵ࡟ࡣࠊࢫ࣮ࣛࣜ౪⤥㔞ࡢపῶ࠾ࡼࡧࣃࢫ
㏻㐣ᅇᩘࡢቑຍࡀ᭷ຠ࡛࠶ࡗࡓࠋ 
ࡲࡓࠊ㎰⸆Ỉᛶࢰࣝ〇๣࡬ࡢᛂ⏝ࢆᛕ㢌࡟ᾮయࢧ࢖ࢡࣟࣥࡢ㧗ᛶ⬟໬ࢆ࢔ࣥࢲ࣮ࣇࣟ
࣮㒊ࡢタィࢆ୰ᚰ࡟᳨ウࡋࡓࠋᾮయࢧ࢖ࢡࣟࣥࡢ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊࡟࠾ࡅࡿᖹᆒୗ
㝆㏿ᗘࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊ࡢഴᩳቨࡢタ⨨࡟ࡼࡾቑຍࡋࡓࠋࡲࡓࠊ෇㗹㒊ࢆ᭷ࡍࡿ
ࢭࣥࢱ࣮ࣟࢵࢻࢆ౑⏝ࡍࡿࡇ࡜࡟ࡼࡾࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟࠾ࡅࡿ୰ኸ㡿ᇦ࠿ࡽฟཱྀ⟶
ഃ࡬ࡢ෌㣕ᩓ⢏Ꮚࡢᩘࡀῶᑡࡋࡓࠋຍ࠼࡚ࠊ෇㗹㒊㏆㎶ࡢ㡿ᇦ࡛ࡣࠊὶయ㏿ᗘࡢ኱ࡁࡉࡀ
పῶࡋࠊ⢏Ꮚศ㞳ຠ⋡ࡀቑຍࡋࡓࠋ཮᪉ࢆ⤌ࡳྜࢃࡏࡓ D ᆺࢧ࢖ࢡࣟࣥࡣࠊ᭱Ⰻࡢ⢏Ꮚ
ศ㞳ᛶ⬟ࢆ♧ࡋࠊCFD ࢩ࣑࣮ࣗࣞࢩࣙࣥ⤖ᯝ࠾ࡼࡧ⢏Ꮚ㌶㐨ࡢྍど໬ࡢᐇ㦂⤖ᯝ࡜ᐃᛶ
ⓗ࡟୍⮴ࡋࡓࠋࡇࡢ⤖ᯝࢆཷࡅ࡚ࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝ࡟࠾࠸࡚ࡣᅛᙧศ⃰ᗘࡀపࡃ⢓ᗘ
ࡀప࠸ฎ᪉࡟࠾࠸࡚ᐇ⏝ⓗ࡟౑⏝ྍ⬟࡜᥎ᐹࡋࡓࠋ㎰⸆Ỉᛶᠱ⃮ࢰࣝࡢ⏕⏘ᛶྥୖ࡟㛵
ࡋ࡚ᚓࡽࢀࡓ▱ぢࡢᛂ⏝⠊ᅖࡣᗈࡃࠊ㎰⸆Ỉᛶᠱ⃮ࢰࣝ⏕⏘ᛶྥୖ࡟㈉⊩ฟ᮶ࡿ࡜ᛮࢃ
ࢀࡿࠋ 
➨ 4 ❶࡛ࡣࠊỿ㝆ἲࢆཎ⌮࡜ࡍࡿࡼࡾ⡆౽࡞⢏Ꮚᚄศᕸ ᐃἲࢆ㛤Ⓨࡋࠊ㎰⸆〇๣ࡢ
⢏Ꮚᚄ ᐃࡸ≀ᛶ ᐃ࡬ࡢᛂ⏝ࡢྍ⬟ᛶࢆㄽࡌࡓࠋ 
ỿ㝆⟶࡟ᠱ⃮ࡉࡏࡓ᳨యࡢỿ㝆⏺㠃ࡢ᥎⛣࠿ࡽ⢏Ꮚᚄࢆ⟬ฟࡍࡿᡭἲ࡟ࡘ࠸᳨࡚ウࡋ
ࡓࠋᶆ‽⢏Ꮚࢆ⏝࠸࡚ᠱ⃮ᾮࢆస〇ࡋࠊỿ㝆⏺㠃ࢆ┠ど࡛ㄞࡳྲྀࡾỿ㝆᭤⥺ࢆᥥ⏬ࡋ࡚
⢏Ꮚᚄศᕸ⟬ฟࢆヨࡳࡓࡀࠊᚓࡽࢀࡓ⢏Ꮚᚄศᕸࡣ SEM ᐃ್࡜஋㞳ࡀ኱ࡁ࠿ࡗࡓࠋ 
ࡼࡾṇ☜࡞ỿ㝆⏺㠃ࢆタᐃࡍࡿࡓࡵࠊ⏺㠃㏆㎶ࢆ᧜ᙳࡋ⏬ീⰍゎᯒࢆ⾜ࡗࡓࠋỿ㝆⏺
㠃ࢆタᐃࡍࡿࡓࡵࡢᣦᶆ࡜ࡋ࡚Ⰽㄪࢆ⾲ࡍ RGB ್ࢆ⏝࠸ࠊRGB ࡢ್ࡀ୍ᐃ࡜࡞ࡿ⏺㠃
ࢆỿ㝆⏺㠃࡜タᐃࡍࡿᡭἲࢆぢฟࡋࡓࠋࡇࡢ⏺㠃࡟⿵ṇಀᩘ β ࢆᑟධࡋ࡚ỿ㝆㊥㞳ࢆᇶ
࡟ Twomeyἲ࡟ࡼࡿᩘ್ゎᯒࢆ⾜࠺ࡇ࡜࡛⢏Ꮚᚄศᕸࡢ⟬ฟࡣྍ⬟࡛࠶ࡾࠊβ࡟ 2.0ࢆ㐺
⏝ࡍࡿࡇ࡜࡛⢏Ꮚᚄศᕸࡢಙ㢗ᛶࡀྥୖࡋࡓࠋᚓࡽࢀࡓ ᐃᡭἲ࡟࡚㎰ᴗ⏝ẅ⳦๣࣌ࣥ
ࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢ⢏Ꮚᚄศᕸࡢ ᐃࡶྍ⬟࡛࠶ࡗࡓࠋ㎰⸆〇๣ࡣỈ࡟ᕼ㔘ࡋ࡚
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౑⏝ࡉࢀࡿࡇ࡜ࡀከࡃࠊỈ୰࡛ࡢỿ㝆ᣲືࡀ㔜せ࡞≀ᛶࡢ୍ࡘ࡛࠶ࡿࠋࡲࡓࠊ≉ู࡞⿦⨨
ࢆ౑⏝ࡏࡎ PC ࡜ࢩࣜࣥࢲ࣮ࡢࡳ࡛⢏Ꮚᚄ ᐃࡢྍ⬟ᛶࡀᚓࡽࢀࡓࡇ࡜ࡣព⩏ࡀ኱ࡁ࠸
࡜⪃࠼ࡽࢀࡿࠋ 
⏬ീゎᯒ࡟ࡼࡿࢹ࣮ࢱฎ⌮ࡣࠊ㏆ᖺ┠ぬࡲࡋ࠸Ⓨᒎࢆ㐙ࡆ࡚࠸ࡿ AI㸦ேᕤ▱⬟㸧ࡀᚓ
ព࡜ࡍࡿศ㔝࡛࠶ࡿࠋ௒ᚋࠊAIᢏ⾡࡜௒ᅇᚓࡽࢀࡓ⏺㠃ゎᯒᢏ⾡ࢆ⤌ࡳྜࢃࡏࡿࡇ࡜࡛
ࡼࡾ㎿㏿⡆౽࡞⢏Ꮚᚄ ᐃᢏ⾡㛤Ⓨࡀᮇᚅࡉࢀࡿࠋ 
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ㅰ㎡ 
ᮏㄽᩥࡣࠊᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉໬ᏛᕤᏛㅮᗙࡢ≉௵ᩍᤵྜྷ⏣ⱥேඛ⏕ࡢࡈ᠓⠜࡞⢓
ࡾᙉ࠸ࡈᣦᑟ࡜ࡈ㠴᧡࡟ࡼࡾࠊᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉ ༤ኈㄢ⛬ᚋᮇ࡟࠾࠸࡚᏶ᡂࡋᚓ
ࡓࡶࡢ࡛ࡇࡇ࡟ㅽࢇ࡛῝⏒࡞ࡿឤㅰࡢពࢆ⾲ࡋࡲࡍࠋ 
ࡲࡓࠊࡈከᛁࡢ୰ᮏㄽᩥࡢᑂᰝࢆᐇ᪋࠸ࡓࡔࡁࠊ⣽㒊࡟ࢃࡓࡾぶษ࡞ࡈຓゝࠊࡈᣦᑟࠊࡈ
㧗㜀ࢆ㈷ࡾࡲࡋࡓᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉໬ᏛᕤᏛㅮᗙࡢ⚟஭ᅜ༤ᩍᤵࠊᓥ⏣Ꮫᩍᤵࠊ࡞
ࡽࡧ࡟ᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉ᶵᲔࢩࢫࢸ࣒ㅮᗙࡢす⏣ᜨဢᩍᤵ࡟ࠊᚰࡼࡾཌࡃᚚ♩⏦ࡋ
ୖࡆࡲࡍࠋ 
ࡑࡋ࡚ࠊ୕஭໬Ꮫ࢔ࢢࣟᰴᘧ఍♫㎰ᴗ໬Ꮫ◊✲ᡤࡢᑠཎᩄ᫂Ặࠊ໭㔝ᬛ⾜Ặ࡟ࡣࠊᮏ◊✲
ࢆ㐍ࡵࡿ࡟࠶ࡓࡾࠊỈᛶᠱ⃮ࢰࣝࡢస〇ࠊᐇ㦂ࢹ࣮ࢱࡢ཰㞟ࠊ࠾ࡼࡧࢹ࣮ࢱࡢᩚ⌮࡞࡝ከ኱
࡞ࡈ༠ຊࢆᡝࡁࡲࡋࡓࠋᚰࡼࡾឤㅰ࠸ࡓࡋࡲࡍࠋࡲࡓࠊᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉ᚤ⢏Ꮚᕤ
Ꮫ◊✲ᐊࡢᅾᏛ⏕ࠊ㛵ಀࡍࡿ◊✲࡟ᦠࢃࡗ࡚᮶ࡽࢀࡓ༞ᴗ⏕ࡢⓙᵝ࡟ࡶࢹ࣮ࢱゎᯒ࡟࠶ࡓࡾ
ከ኱࡞ࡿࡈ༠ຊࢆᡝࡁࡲࡋࡓࠋᚰࡼࡾឤㅰ࠸ࡓࡋࡲࡍࠋ 
ࡲࡓࠊ୕஭໬Ꮫ࢔ࢢࣟᰴᘧ఍♫㛤Ⓨ㒊ࡢᖹ℩ᐮ᭶ࢢ࣮ࣝࣉ࣮ࣜࢲ࣮ࢆጞࡵࠊ㎰ᴗ໬Ꮫ◊✲
ᡤ᫬௦ࢆྵࡵୖྖࡢ᪉ࠎ࡟ࡣᮏㄽᩥࡢᇳ➹࡟ࡈ⌮ゎࢆ࠸ࡓࡔࡁࠊ᫬࡟๓ྥࡁ࡞ࡈຓゝࠊບࡲ
ࡋࢆ࠸ࡓࡔࡁࡲࡋࡓࠋᚰࡼࡾཌࡃᚚ♩⏦ࡋୖࡆࡲࡍࠋ 
᭱ᚋ࡟࡞ࡾࡲࡍࡀࠊ♫఍ே༤ኈㄢ⛬ධᏛࢆᛌࡃᢎㅙࡋࠊ◊✲࡜௙஦ࡢ୧❧࡛㎞࠸᫬ᮇ࡟ᖖ
࡟⚾ࢆᨭ࠼⥆ࡅඖẼ࡙ࡅ࡚ࡃࢀࡓጔ࡜ 2ேࡢᏊ౪ࡓࡕ࡟ᚰ࠿ࡽឤㅰ࠸ࡓࡋࡲࡍࠋᮏ◊✲ࡣ௨
ୖࡢ᪉ࠎࢆึࡵከᩘࡢ᪉ࠎࡢࡈ༠ຊ࡟ࡼࡗ࡚ᡂࡋᚓࡓࡶࡢ࡛࠶ࡾࠊࡈ༠ຊᡝ࠸ࡓ඲࡚ࡢ᪉ࠎ
࡟ᚰ࠿ࡽឤㅰࡢពࢆ⾲ࡋㅰ㎡࡜࠸ࡓࡋࡲࡍࠋ 
 
ᒣᮏ ဴஓ 
